1N4001 - 1N4007

1.0A RECTIFIER
Please click here to visit our online spice models database.

Features

. Diffused Junction

e  High Current Capability and Low Forward Voltage Drop

e  Surge Overload Rating to 30A Peak | A B A |
. Low Reverse Leakage Current _l_
. Lead Free Finish, RoHS Compliant (Note 3) _L
/1 I ]
Mechanical Data + _(T:_
e Case: DO-41 D
e  Case Material: Molded Plastic. UL Flammability Classification -
Rating 94V-0 y Dim DQ—41 Plastic
o Moisture Sensitivity: Level 1 per J-STD-020D = 2'\5/“20 ij
e  Terminals: Finish - Bright Tin. Plated Leads Solderable per B 7 '06 521
MIL-STD-202, Method 208 . -
e  Polarity: Cathode Band ¢ 071 0.864
: " D 2.00 2.72
. Mounting Position: Any All Dimensions in mm
. Ordering Information: See Page 2
e  Marking: Type Number
e  Weight: 0.30 grams (approximate)
Maximum Ratings and Electrical Characteristics @Ta = 25°C unless otherwise specified
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
Characteristic Symbol | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1N4006 | IN4007 | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM 50 100 200 400 600 800 1000 \%
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \%
Average Rectified Output Current (Note 1) @ Ta = 75°C lo 1.0 A
I\!on-Repetit_ive Peak Forward Surge Current 8.3ms s 30 A
single half sine-wave superimposed on rated load
Forward Voltage @ Ir = 1.0A VEm 1.0 V
Peak Reverse Current @Ta = 25°C | 5.0 A
at Rated DC Blocking Voltage @ Ta = 100°C RM 50 H
Typical Junction Capacitance (Note 2) Ci 15 8 pF
Typical Thermal Resistance Junction to Ambient RgJa 100 K/wW
Maximum DC Blocking Voltage Temperature Ta +150 °C
Operating and Storage Temperature Range T3 TstG -65 to +150 °C
Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.

2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.

3. EU Directive 2002/95/EC (RoHS). All applicable RoHS exemptions applied, see EU Directive 2002/95/EC Annex Notes.
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Ordering Information (Note 4)
Device Packaging Shipping
1N4001-B DO-41 Plastic 1K/Bulk
1N4001-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4002-B DO-41 Plastic 1K/Bulk
1N4002-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4003-B DO-41 Plastic 1K/Bulk
1N4003-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4004-B DO-41 Plastic 1K/Bulk
1N4004-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4005-B DO-41 Plastic 1K/Bulk
1N4005-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4006-B DO-41 Plastic 1K/Bulk
1N4006-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4007-B DO-41 Plastic 1K/Bulk
1N4007-T DO-41 Plastic 5K/Tape & Reel, 13-inch

Notes:

4. For packaging details, visit our website at http://www.diodes.com/datasheets/ap02008.pdf.
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IMPORTANT NOTICE
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the application or use of any product
described herein; neither does it convey any license under its patent rights, nor the rights of others. The user of products in such applications shall
assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on our website,
harmless against all damages.
LIFE SUPPORT

Diodes Incorporated products are not authorized for use as critical components in life support devices or systems without the expressed written
approval of the President of Diodes Incorporated.
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&National Semiconductor

5409/DM7409 Quad 2-Input AND Gates
with Open-Collector Outputs

General Description Pull-Up Resistor Equations
This device contains four independent gates each of which Vce (Min) — Von

performs the logic AND function. The open-collector out-  IMAX N1 (Iom) + Na (i)
puts require external pull-up resistors for proper logical op-
eration. Vee (Max) — VoL
RN = 2~ Ne ()
oL — Na ()
Where: N1 (o) = total maximum output high current for all
outputs tied to pull-up resistor
N2 (i) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (L) = total maximum input low current for all
inputs tied to pull-up resistor

Connection Diagram

Dual-In-Line Package
Voo B4 A4 Y4 B3 A3 Y3

14 13 12 1 Iw Is 8

1 2 |3 4 5 6 [7
A1 B1 Y1 A2 B2 2 BND

Order Number 5409DMQB, 5409FMQB or DM7409N
See NS Package Number J14A, N14A or W14B

TL/F/6499-1

Function Table

Y =AB
Inputs Output
A B Y
L L L
L H L
H L L
H H H

H = High Logic Level
L = Low Logic Level

©1995 National Semiconductor Corporation TL/F/6499 RRD-B30M105/Printed in U. S. A.
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Absolute Maximum Ratings (note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 7V
Input Voltage 5.5V
Output Voltage v

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Operating Free Air Temperature Range

54
DM74

Storage Temperature Range

—55°Cto +125°C
0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter 5409 DM7409 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 55 475 5 5.25 %
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.8 0.8 Vv
VoH High Level Output Voltage 5.5 5.5 \
loL Low Level Output Current 16 16 mA
TA Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (Nz‘t’:ﬂ Max Units
\ Input Clamp Voltage Ve = Min, I} = —12mA —1.5 \'
IcEX High Level Output Vee = Min, Vo = 5.5V
Current ViH = Min 250 KA
VoL Low Level Output Vce = Min, gL = Max 0.2 04 v
Voltage VL = Max ' ’
I Input Current @ Max Vo = Max, V| = 5.5V 1 mA
Input Voltage
1™} High Level Input Current Vce = Max, V| = 2.4V 40 BA
I8 Low Level Input Current Vce = Max, V| = 0.4V —1.6 mA
lccH Supply Current with Vce = Max 11 21 mA
Outputs High
lcoL Supply Current with Vece = Max 20 33 mA
Outputs Low

SW|tch|ng Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tpLH Propagation Delay Time C_ = 15pF 32 ns
Low to High Level Output R = 400Q

tpHL Propagation Delay Time o4 ns
High to Low Level Output

Note 1: All typicals are at Vgc = 5V, Ta = 25°C.




Physical Dimensions inches (millimeters)

Order Number DM7409N
NS Package Number N14A

0.785
| {19.939)
MAX
[2]
0025 [1a] [13] [r2] [11] Jao] [s]
(0.635)
RAD 0.220-0.310
(5.588-7.874)
L [2f T [af [s] [ef [
0.290-0.320 0005 0.200
{7.366-8.128) (0. anln I‘GLASS 0.060 <0.005 (5.080)
.
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I ] P ——
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14-Lead Ceramic Dual-In-Line Package (J)
Order Number 5409DMQB
NS Package Number J14A
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14-Lead Molded Dual-In-Line Package (N)




5409/DM7409 Quad 2-Input AND Gates with Open-Collector Outputs
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14-Lead Ceramic Flat Package (W)
Order Number 5409FMQB
NS Package Number W14B

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor

National Semiconductor

& Corporation
1111 West Bardin Road

Arlington, TX 76017

Europe

Fax:
Email:

(+49) 0-180-530 85 86
cnjwge @tevmz2.nsc.com

Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
ltaliano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




BC 337 - BC338

NPN SILICON AF MEDIUM POWER TRANSISTORS

THE BC337, BC338 ARE NPN SILICON PLANAR CASE TO-92F
EPITAXTAL TRANSISTORS FOR USE IN AF ‘
DRIVER AND OUTPUT STAGES, AS WELL AS FOR

UNIVERSAL APPLICATIONS. THE BC337, BC338

ARE COMPLEMENTARY TO THE PNP TYPE BC327,

BC328 RESPECTIVELY.

. CEB

ABSOLUTE MAXIMUM RATINGS BC}B? BC338
Collector-Emitter Voltage (VBE=0) VeES 50V 30V
Collector-Emitter Vo’ltage (Ip=0) VcEO 45V 25V
Emitter-Base Voltage VERO 5V
Collector Current Ic 0.8A
Collector Peak Current (t<£10mS) IcM 1.5A .
Total Power Dissipation (@ Tg <25°C) Piot 1.4W

J’ﬁ _ ' (e Ta <25°C) 625mW
Operating Junction & Storage Temperature Tj, Tstg ~55 ggxﬁéooc,

THERMAL RESISTANCE

Junction to Case 8jc 90°C/W Amaxel
Junction to Ambient Oja 200°C/W  max.
H vs Ic 1%
Piot vs Ty 250 FE |
2.0 ?A-25°c
: chalv
1.5 200 qulse Test
Hpg 150 |—ffiatier=]
Prot FE 15 —H
1.0 ’ ' N ,
() 100 \NT:
005 50
O ,
’-\) OO 50 100 150 200 1 10 100 1000 -
e Ta (°C) - Ic (ma) |

SWUN TONG P. O “w"é&’;%"&é‘&“ﬁo“&“é‘;s Lﬁti’éri‘r.%il?
MICRO ELECTRONICS LTD. iuusrons p. o Boxeosr CABLE ADDRESS “Mic
FAX: 3-410321 ;}




ELECTRICAL CHARACTERISTICS

(TA=259C unless otherwise noted)

BC337 BC3%8 : N
PARAMETER SYMBOL | yyy 7P Max | MIN TYP max | UNIT | TEST CONDITIO
Collector-Emitter Breakdown Voltage |BVcgs 50 30 v Ic=0.1mA VB§:5
Collector-Emitter Breakdown Voltage {LVcgo #| 45 25 Vv | Ic=10mA Ip=0
Emitter-Base Breakdown Voltage BVgRro 5 5 \ Ig=0.1mA ICc=0
Collector Cutoff Current ICES 100 nA | VoES=45V
100 | nA | VeEs=25V
10 }gA Veors=45V Tp=1259C
10 | nA | Voms=25V Tp=125°C
Collector-Emitter Saturation Voltage VCE(sat)* 0.7 0,71V I¢=500mA Ip=50mA-
Base-Emitter Voltage Vgg * 1.2 1.2V I¢=300mA VCE=1V
D.C. Current Gain Hpg * | 100 630 |100 630 Ic=100mA Vogp=1V
Group 16 (A) 100 250 |100 250
Group 25 (B 160 400 |160 400
Group 40 (C 250 630 |250 630
A1l Groups 40 40 I¢=300mA Vog=1V
Hpp Matched Pair Ratio BFE 1 1.41 1.41 Ic=100mA vgYﬁyr
HFE 2 ~ o
Current Gain-Bandwidth Product £ 100 100 MHz |IC=10m& VeE=5V
Collector-Base Capacitance Cob 10 10 pF | Vep=10V IE=0
f=1MHz
* Pulge Test : Pulse Width=0.3mS, Duty Cycle=1%
Ver(sat v I : fp vs I
0 CE(sat) & VRE wvs »C ' 200 T c ‘
0.8 160 AN
_VBE \ sl . Y/ . \
@ YeE =TTl Tam25°C. 7 \
0.6 Pulse Test fp 120 -
VOLT I
(MHZ)
0.4 W 80
/l“ ,
0.2 40 ,
VeE(sat) L/ 4 . T)=25%
— @ IC:]_OIB ‘__,.r ‘ ifcé.sv |
0"ﬁ‘*¢‘ﬁﬁF‘4’ J 0 e
T 10 100 1000 1 10 100 1000
Ic (mA) | Ic (md)

1.78.83008
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LA-601 B/ L Series
LED displays

Single Digit LED Numeric Display
LA-601 B /L Series

LA-601 B/ L series is designed to use in the light. ®Dimensions (Unit : mm)
Materials of emission are GaAsP on GaP, AlGalnP GaP
and GaN. This is the height of a letter 14.6mm, single

digit LED Numeric Display that is packed by epoxy resin. 10}

+0
1258 5

®Features

1) The height of a letter is 14.6mm.

2) Dimension is 12.5x19.0x8.0mm.

3) The package of surface color is black. Color of
segment is colored in emitting color. (Blue color is only
milky white) T

4) Each color has anode common and cathode common 05)
respectively. @50

3)
16
14.6
19.040.2
‘ (15.24)

0.25

7

3.5Min.

(10.16)

Tolerance are +0.3 unless otherwise noted:

®Selection guide

Emitting color Red Orange Yellow
Common Red (High brightness)|(High briggtness) (High brightness) Green Blue
Anode LA-601VB LA-601AB LA-601EB LA-601XB LA-601MB | LA-601BB
Cathode LA-601VL LA-601AL LA-601EL LA-601XL LA-601ML LA-601BL
®Pin assignments Pin No. Function
109 8 7 6
R ——— 1 Segment "e"
@ 2 Segment "d"
3 Common
4 Segment "c"
T 5> |DbP
6 Segment "b"
7 Segment "a"
¢_d MO 8 Common
ey s 0P 9 Segment "f"
PinNo. 1 2 3 4 5 10 | Segment"g"
®Equivalent circuit (anode common) (cathode common)
COM COM
38 38
a cde f g DP abec e f 0
76421910 5 764210910 5
Rev.B 1/4



LA-601 B/ L Series

LED displays
®Absolute maximum ratings (Ta=25°C)
Red Orange Yellow
Parameter Symbol Red (High brightness)|(High brightness)|(High brightness) Green Blue Unit
LA-601VB/VL| LA-601AB/AL LA-601EB / EL LA-601XB /XL |LA-601MB/ML|LA-601BB/BL
Power dissipation Po 480 520 520 520 480 336 mwW
Power dissipation Po /seg 60 65 65 65 60 42 mwW
Forward current Ir 20 25 25 25 20 10 mA
Peak forward current Irp 60 *1 50 *2 50 *2 50 *2 60 *1 50 *2| mA
Reverse voltage VR 5 5 5 5 5 5 \%
Operating temperature Topr -25t0 +75 °C
Storage temperature Tstg -30to +85 °C
«1 Pulse width Ims Duty 1/5
%2 Pulse width 0.1ms Duty 1/ 10
®Electrical characteristics (Ta=25°C)
Red Orange Yellow
Parameter Symbol| Conditions Red \yjigh brightness)|(High brigﬁtness) (High brightness)| ~ Creen Blue | .
Typ. |Max.| Typ. Max. | Typ. Max. Typ. Max. | Typ. | Max. | Typ. | Max.
Forward voltage Ve I=10mA | 2.0 | 2.8 | 2.05"| 2.6*| 2.05%| 2.6 | 2.05°| 26" | 21 | 28 | 3.6 | 4.2 \%
Reverse current Ir Vr=3V - 100 - 100 - 100 - 100 - 100 - 100 | pA
Peak wavelength Ap I.=10mA | 650 | — 626" - 610" - 589" - 563 | — | 470 | - nm
Spectral line half width | AA I.=10mA | 40 - 18 * = 17 * - 15 * - 40 - 26 - nm
©OThe products are not radiations resistant.
* Shows the number on the condition of I-=20mA.
®Luminous intensity
Color Ap (Nnm) Type Min. Typ. Unit
LA-601VB
Red 650 5.6 14 mcd
LA-601VL
. ) LA-601AB
Red (High brightness) 626 36 90 mcd
LA-601AL
. . LA-601EB
Orange (High brightness) 610 36 90 mcd
LA-601EL
. . LA-601XB
Yellow (High brightness) 589 36 20 mcd
LA-601XL
LA-601MB
Green 563 9 22 mcd
LA-601ML
LA-601BB
Blue 470 14 56 mcd
LA-601BL
OA condition of measurement is I,=10mA.
Rev.B 2/4



LA-601 B/ L Series
LED displays

®Electrical and optical characteristic curves

100 - 10.00 ———
: Ta=25Cf ——1LA-601BB {Ta=25°C) —— | A-601BB
] - LA-601BL
[ 2 —
< LA-601/L @
£ Q
T 10 / 7 £ 1.00
g 7 LA-601AB 2 LA-601AB
£ i 1 LA-601AL 2 LA-601AL
¢} / —— [ LA-601MB E LA-601MB
= ’ LA-601ML 3 LA-601ML
E { J —— [ LA-601VB 2 0.10 LA-601VB
S EEEEee e LA-601VL Ky LA-601VL
I "4
|
’l /
01 2 3 4 5 0014 10 100
Forward Voltage:Vr(V) Forward Current:Ir(mA)
Fig.1 Forward Current - Forward Voltage Fig.2 Relative Luminous Intensity - Forward Current
16 2 10
IF=10mA| —— L A-601BB =|x — [ LA-601BB
LA-601BL x LA-601BL
J 14 AN < — [ LA-601XB §i
g \ ‘\ \ LA-601/L A B EEEE
EP) . g S
g1 < g
B \ LA-601AB 3
I S N LA-601AL %8
£ o ——— ----[LA-601MB iy
3 N LA-601ML 85 5
e N LA-601VB R NG
g N LA-601VL 2c I3
g ™NL &=
0.6 EZ
32
=e
0.4 sE
25 -15 5 5 15 25 35 45 55 65 75 gg 1 10 100 1000 10000
o o
Case Temparature (°C) Pulse Duration tw(us)
Fig.3 Relative Luminous Intensity - Case Temperature Fig.4 Ratio of Maximum Tolerable Peak Current - Pulse Duration ( 1)
10 o w
2|3 — [ LA-601XB 2l —— [ LA-601MB
- LA-601XL %2 LA-601ML
g Q| LA-601VB
L & LA-601VL
o LA-601AB =
g LA-601AL g
3 %5 lTeire T
%0 e HEE BRI B ERE:
T A ° = Al = = [l = 3|
&g 23
8 g g oelela] ol ol2] 22 ¢z
58 g2 [\
28 I
S e EZ S
e =1 S .=
SE EZ
EX 3=
£+ [N NN N
==} = =
BE 1 o5 1
gg 1 10 100 1000 10000 25 1 10 100 1000 10000 100000
&3 ) 3]
Pulse Duration : Tw (ps) Pulse Duration : tw(ys)
Fig.5 Ratio of Maximum Tolerable Peak Current - Pulse Duration ( 1I ) Fig.6 Ratio of Maximum Tolerable Peak Current - Pulse Duration ( 111 )
Rev.B 3/4



LA-601 B /L Series
LED displays
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Fig.7 Derating
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Appendix

Notes

@ No technical content pages of this document may be reproduced in any form or transmitted by any
means without prior permission of ROHM CO.,LTD.

@ The contents described herein are subject to change without notice. The specifications for the
product described in this document are for reference only. Upon actual use, therefore, please request
that specifications to be separately delivered.

@ Application circuit diagrams and circuit constants contained herein are shown as examples of standard
use and operation. Please pay careful attention to the peripheral conditions when designing circuits
and deciding upon circuit constants in the set.

@ Any data, including, but not limited to application circuit diagrams information, described herein
are intended only as illustrations of such devices and not as the specifications for such devices. ROHM
CO.,LTD. disclaims any warranty that any use of such devices shall be free from infringement of any
third party's intellectual property rights or other proprietary rights, and further, assumes no liability of
whatsoever nature in the event of any such infringement, or arising from or connected with or related
to the use of such devices.

@ Upon the sale of any such devices, other than for buyer's right to use such devices itself, resell or
otherwise dispose of the same, no express or implied right or license to practice or commercially
exploit any intellectual property rights or other proprietary rights owned or controlled by

® ROHM CO., LTD. is granted to any such buyer.

@ Products listed in this document are no antiradiation design.

The products listed in this document are designed to be used with ordinary electronic equipment or devices
(such as audio visual equipment, office-automation equipment, communications devices, electrical
appliances and electronic toys).

Should you intend to use these products with equipment or devices which require an extremely high level
of reliability and the malfunction of which would directly endanger human life (such as medical
instruments, transportation equipment, aerospace machinery, nuclear-reactor controllers, fuel controllers
and other safety devices), please be sure to consult with our sales representative in advance.

It is our top priority to supply products with the utmost quality and reliability. However, there is always a chance
of failure due to unexpected factors. Therefore, please take into account the derating characteristics and allow
for sufficient safety features, such as extra margin, anti-flammability, and fail-safe measures when designing in
order to prevent possible accidents that may result in bodily harm or fire caused by component failure. ROHM
cannot be held responsible for any damages arising from the use of the products under conditions out of the
range of the specifications or due to non-compliance with the NOTES specified in this catalog.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact your nearest sales office.
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Philips Semiconductors

Product specification

BCD to 7-segment latch/decoder/driver

HEF4511B
MSI

DESCRIPTION

The HEF4511B is a BCD to 7-segment
latch/decoder/driver with four address inputs (Da to Dp),
an active LOW latch enable input (EL), an active LOW
ripple blanking input (BI), an active LOW lamp test input
(LT), and seven active HIGH n-p-n bipolar transistor
segment outputs (O, to Og).

When EL is LOW, the state of the segment outputs (O, to
Og) is determined by the data on D to Dp.

When EL goes HIGH, the last data present on Da to

Dp are stored in the latches and the segment outputs
remain stable. When LT is LOW, all the segment outputs
are HIGH independent of all other input conditions. With
LT HIGH, a LOW on BI forces all segment outputs LOW.
The inputs LT and BI do not affect the latch circuit.

7 1 2 6
DA Dp Dc Dp
i&o[ LATCHES
iﬂ{ DECODER
_E_L_Tor DRIVERS
Og Of Oe Od OC Opb |Oa
14 |15 {9 [10]11 |12 |13
7273717.2
Fig.1 Functional diagram.
Vbp
1 15
driver
loai }-«
ogic |OH
6 —_—
—$ +
I'bf'} VoH
Vss 7279908
Fig.3 Schematic diagram of output stage.

January 1995

16] [15] [1a] [13] [12] [ro] [ro] [o]

D HEF45118B

Dg Oc LT BI EL Dp Dp Vss

L) [2] [3] (o] [s] Le] (2] L]

7273716.1

Fig.2 Pinning diagram.

HEF4511BP(N):  16-lead DIL; plastic (SOT38-1)
HEF4511BD(F):  16-lead DIL; ceramic (cerdip) (SOT74)
HEF4511BT(D):  16-lead SO; plastic (SOT109-1)

(): Package Designator North America

PINNING
Da to Dp address (data) inputs
EL latch enable input (active LOW)
BI ripple blanking input (active LOW)
LT lamp test input (active LOW)
Oa to Oy segment outputs
a
T
f/ b
g
S
Fig.4 Segment e c
designation. d
a—

FAMILY DATA, | pp LIMITS category MSI

See Family Specifications
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HEF4511B

BCD to 7-segment latch/decoder/driver MS|

?

7274565.2

B

Op

latch
4

S

Oc

latch
3

C

i

latch

D
[ |CP 1
Of

Da

_[>
>

Og

-
I

JUOOYRE D00 U
J
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Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF4511B
MSI
D —[><}
0
. |
L :
H>om
A 7279901
Fig.6 Logic diagram (one latch); see also Fig.5.
FUNCTION TABLE
INPUTS OUTPUTS
EL Bl LT | Db D¢ Dg Do | Oa Op O O4 Oe O  Og4 | DISPLAY
X X L X X X X H H H H H H H 8
X L H X X X X L L L L L L L blank
L H H L L L L H H H H H H L 0
L H H L L L H L H H L L L L 1
L H H L L H L H H L H H L H 2
L H H L L H H H H H H L L H 3
L H H L H L L L H H L L H H 4
L H H L H L H H L H H L H H 5
L H H L H H L L L H H H H H 6
L H H L H H H H H H L L L L 7
L H H H L L L H H H H H H H 8
L H H H L L H H H H L L H H 9
L H H H L H L L L L L L L L blank
L H H H L H H L L L L L L L blank
L H H H H L L L L L L L L L blank
L H H H H L H L L L L L L L blank
L H H H H H L L L L L L L L blank
L H H H H H H L L L L L L L blank
H H H X X X X * *

Note

1. H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)
X = state is immaterial
* Depends upon the BCD code applied during the LOW to HIGH transition of EL.

January 1995 4
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BCD to 7-segment latch/decoder/driver HEF45|\1/|189;
[0 _hen e e
L ne ) e ey |l

7272856
Fig.7 Display.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

Output (source) current HIGH —lon max. 25 mA

For other RATINGS see Family Specifications.

Note
1. A destructive high current mode may occur if V| and Vg are not constrained to the range Vss < V| or Vo £ Vpp.

January 1995 5



Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF4511B
MSI
DC CHARACTERISTICS
Vss=0V
Tamb (OC)
HEF VSD :T?X SYMBOL -40 +25 +85
MIN. MAX. MIN. TYP. MIN. MAX.

Output voltage 5 0 4,10 4,10 4,40 4,10 \%
HIGH 10 0 |Von 9,10 9,10 9,40 9,10 Y,
15 0 14,10 14,10 14,40 14,10 \Y
Output voltage 5 5 4,20 \Y,
HIGH 10 5 |Vou 9,20 \%
15 5 14,20 \%
Output voltage 5 10 3,60 3,60 4,05 3,30 \%
HIGH 10 10 |[Von 8,75 8,75 9,10 8,45 \%
15 10 13,75 13,75 14,10 13,45 \%
Output voltage 5 15 4,00 Vv
HIGH 10 15 |Von 9,00 \Y
15 15 14,00 \%
Output voltage 5 20 2,80 2,80 3,80 2,50 \Y
HIGH 10 20 |Von 8,10 8,10 9,00 7,80 \%
15 20 13,10 13,10 14,00 12,80 \Y
Output voltage 5 25 3,70 \%
HIGH 10 25 | Vou 8,90 \Y
15 25 14,00 \%

January 1995 6
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BCD to 7-segment latch/decoder/driver HEF4511B
MSI
Tamb (OC)
HEC V\?D :r?/'; SYMBOL -55 +25 +125
MIN. MAX. MIN. TYP. MIN.  MAX.
Output voltage 5 0 4,10 4,10 4,40 4,10 \%
HIGH 10 0 |Vou 9,10 9,10 9,90 9,10 \%
15 0 14,10 14,10 14,40 14,40 \%
Output voltage 5 5 4,30 \%
HIGH 10 5 |Von 9,30 \%
15 5 14,30 \%
Output voltage 5 10 3,60 3,60 4,25 3,20 \%
HIGH 10 10 | Von 8,75 8,75 9,25 8,35 \%
15 10 13,75 13,75 14,25 13,35 \%
Output voltage 5 15 4,20 \Y,
HIGH 10 15 [Von 9,20 \%
15 15 14,20 \%
Output voltage 5 20 2,80 2,80 4,20 2,30 \Y
HIGH 10 20 |Von 8,10 8,10 9,20 7,60 \%
15 20 13,10 13,10 14,20 12,60 \%
Output voltage 5 25 4,15 \Y,
HIGH 10 25 | Vou 9,20 V
15 25 14,20 \%
AC CHARACTERISTICS
Vss =0V, Tamp = 25 °C; input transition times < 20 ns
VSD TYPICAL FORMULA FOR P (pW)
Dynamic power 5 1000 f+ 3 (f,CL) X Vpp? where
dissipation per 10 4000 fi + 3 (f,CL) x Vpp? fi = input freq. (MHz)
package (P) 15 10 000 fi + ¥ (f,CL) x Vpp? f, = output freq. (MHz)
C_ = load capacitance (pF)
> (foCL) = sum of outputs
Vpp = supply voltage (V)

January 1995 7




Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF4511B
MSI
AC CHARACTERISTICS
Vss =0 V; Tamp = 25 °C; CL =50 pF; input transition times < 20 ns
Vv TYPICAL EXTRAPOLATION
3D SYMBOL | MIN. TYP. MAX. FORMULA
Propagation delays
D, - Op 5 155 310 ns 128ns + (0,55 ns/pF) C.
HIGH to LOW 10 |tew 60 120 ns 49ns + (0,23 ns/pF) C,
15 40 80 ns 32ns + (0,16 ns/pF) C_
5 135 270 ns 108 ns + (0,55 ns/pF) C.
LOW to HIGH 10 tpLH 55 110 ns 44ns + (0,23 ns/pF) C.
15 40 80 ns 32ns + (0,16 ns/pF) C_
EL - O, 5 160 320 ns 133ns + (0,55 ns/pF) C.
HIGH to LOW 10 tPHL 60 120 ns 49ns + (0,23 ns/pF) C.
15 45 90 ns 37ns + (0,16 ns/pF) C_
5 160 320 ns 133ns + (0,55 ns/pF) C.
LOW to HIGH 10 tpLH 70 140 ns 59ns + (0,23 ns/pF) C.
15 50 100 ns 42ns + (0,16 ns/pF) C_
Bl - O, 5 120 240 ns 93ns + (0,55 ns/pF) C.
HIGH to LOW 10 |[tpuL 50 100 ns 39ns + (0,23 ns/pF)C_
15 35 70 ns 27ns + (0,16 ns/pF) C_
Bl - O 5 105 210 ns 78ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 40 80 ns 29ns + (0,23 ns/pF) C_
15 30 60 ns 22ns + (0,16 ns/pF) C_
LT - O, 5 80 160 ns 52ns + (0,55 ns/pF) C,
HIGH to LOW 10 tpHL 30 60 ns 19ns + (0,23 ns/pF) C.
15 20 40 ns 12ns + (0,16 ns/pF) C.
5 60 120 ns 33ns + (0,55 ns/pF) C.
LOW to HIGH 10 tPLH 30 60 ns 19ns + (0,23 ns/pF) C.
15 25 50 ns 17ns + (0,16 ns/pF) C_
Output transition times 5 60 120 ns 10ns + (1,0 ns/pF) C.
HIGH to LOW 10 |tra 30 60 ns 9ns + (0,42 ns/pF)C,
15 20 40 ns 6ns + (0,28 ns/pF)C_
5 25 50 ns 20ns + (1,0 na/pF) C_
LOW to HIGH 10 tTLH 16 32 ns 13ns + (0,06 ns/pF) C.
15 13 26 ns 10ns + (0,06 ns/pF) C.

January 1995 8



Philips Semiconductors

Product specification

. HEF4511B
BCD to 7-segment latch/decoder/driver
MSI
Vbp TYPICAL EXTRAPOLATION
v SYMBOL | MIN. TYP. MAX. FORMULA
Minimum EL 5 80 40 ns
pulse width; LOW 10 tWELL 40 20 ns
15 35 17 ns
Set-up time 5 50 25 ns
D, - EL 10 e o5 12 ns S(_ee also waveforms
Fig.8
15 20 9 ns
Hold-time 5 60 30 ns
D, - EL 10 | thow 30 15 ns
15 25 12 ns
EL INPUT 50%
- tweLL—™
D¢ INPUT 50%
- tsu | thold l=—
0g OUTPUT
Conditions:
Dp = LOW

Da=Dg=B,=LT=HIGH

Fig.8 Waveforms showing minimum EL pulse width, set-up and hold time for DC to EL.

January 1995



Philips Semiconductors

Product specification

BCD to 7-segment latch/decoder/driver

HEF4511B
MSI

APPLICATION INFORMATION

Some examples of applications for the HEF4511B are:

Driving LED displays.

Driving incandescent displays.
Driving fluorescent displays.
Driving LCD displays.

Driving gas discharge displays.

VDD
o
1 common cathode
1 - LED
< /
—I'—' v 2 ~1,7V
vz Vss —
. 4 7279907

Fig.9 Connection to common cathode LED display readout.

common anode

LED
vDD — -
Y
J—« -Y- -—=- =17V
]
J S
;'(" 7 7279902
| s

Fig.10 Connection to common anode LED display readout.

January 1995 10




Philips Semiconductors Product specification

. HEF4511B
BCD to 7-segment latch/decoder/driver
MSI
V
DD VDD
) VDD
_.I..._d— { direct
j—g ] (1) : I (low brightness)
r— e — — -
2 ] K
[ ()
. —
||} ,
— 93 D to
— filament
+—— supply
w7 VSS
7 AR w
7279906
(1) A filament pre-warm resistor is recommended to
reduce filament thermal shock and increase the
effective cold resistance of the filament.
Fig.11 Connection to incandescent display readout. Fig.12 Connection to fluorescent display readout.
appropriate exitation
VpbD I voltage VDD '(square wave ;
Vgg to Vpp)
- i .
L)
SJI_K o ---- %E T~ =
[
— ﬁ 4
. , :
'-I_‘@ ﬁ /4 HEF40708B - es0s
7279905
V
V.4 SS 7 % VSS
Fig.13 Connection to gas discharge display Fig.14 Connection to liquid crystal (LCD) display
readout. readout. Direct d.c. drive of LCDs not
recommended for life of LCD readouts.

January 1995 11
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SINCE 1981

En@ BRIGHT LED ELECTRONICS CORP.

BL-B21V1

@ Features:

-_—

. High efficiency.

© 00 N O O A WODN

. Chip material: GaP/GaP
. Emitted color : Green
. Lens Appearance : Green diffused

. Low power consumption.

. Low current requirement.
. 3mm diameter package.

. Versatile mounting on P.C. Board or panel.

. This product don’t contained restriction

substance, compliance ROHS standard.

@ Applications:
1. TV set
2. Monitor
3. Telephone

4. Computer
5. Circuit board

@ Absolute Maximum Ratings(Ta=25C)

@ Package dimensions

3.00(.118)

fo————— ]

|
!
0.81(.032) \

5.30(.2

1.5(.059)
MAX.

25.4(1.00

SQ.TYP.

|
0.5(.02) ‘
I
| 1
1.00(.039
2.54(.100) (
NOM.

Notes:

2. Tolerance is £0.25mm (0

the package.
4. Specifications are subjec

09)

) MIN.

\
— 3.80(.150)
/

Flat Denotes Cathode

) MIN.

1. All dimensions are in millimeters (inches).

.01”) unless otherwise specified.

3. Lead spacing is measured where the leads emerge from

t to change without notice.

Parameter Symbol Rating Unit
Power Dissipation Pd 80 mW
Forward Current 13 30 mA
Peak Forward Current*’ lep 150 mA
Reverse Voltage VRr 5 V
Operating Temperature Topr -40°C~80C
Storage Temperature Tstg -40°C~85C
Soldering Temperature Tsol 260°C (for 5 seconds)

*!Condition for Igp is pulse of 1/10 duty and 0.1msec width.

Ver.2.0 Page: 1 of 2




SINCE 1981

@ Electrical and optical characteristics(Ta=25C)

» BRIGHT LED ELECTRONICS CORP.

BL-B21V1

Parameter Symbol |Condition Min. Typ. Max. Unit
Forward Voltage Ve IF=20mA - 2.2 2.6 \
Luminous Intensity Iv [.=20mA - 40 - mcd
Reverse Current Ir Vg=5V - - 100 HA
Peak Wave Length Ap IF=20mA - 568 - nm

Dominant Wave Length Ad [.=20mA 560 - 576 nm
Spectral Line Half-width A X IF=20mA - 30 - nm
Viewing Angle 204, IF=20mA - 35 - deg
@ Typical electro-optical characteristics curves
Fig.1 Relative intensity vs. Wavelength Fig.2 Forward current derating curve
vs. Ambient temperature
1.0 60
f
| |\ "
2
2 | -
z / £
= |
/ s TTTN
g / \ g
o
2 / \ 2 NL
// \ 10
0 4/ \ 0
520 570 620 20 40 60 80 100
Wavelength A (nm) Ambient temperature Ta(C)
Fig.3 Forward current vs. Forward voltage Fig.4 Relative luminous intensity
vs. Ambient temperature
50 I 3.0
40 > 25
ié, I £ 20
T 30 )
2 | g
3 | i e Sy
2 2 < \\\
2 I 2 10 M~
s 5 \\
10 & ™N
0.5
0 J 0
1 2 3 4 5 -40 -20 0 20 40 60
Forward voltage(V) Ambient temperature Ta(C)
Fig.5 Relative luminous intensity Fig.6 Radiation diagram
vs. Forward current o o B
o 10 20
2.0
E / 30
& / 2z
Qs /1 2
= / £ 10 40°
5 / =
= (]
w 10 § 0.9 50°
.
£ 2 0. °
E / 2 0.8 600
?>’ 05 £ 2 70
& / 07 80°
Q o
“ L B
10 20 30 40 50 05 03 0.1 02 04 06

Forward current (mA)
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LM2676 SIMPLE SWITCHER High Efficiency 3A Step-Down Voltage Regulator

I3 Texas

INSTRUMENTS

Literature Number: SNVS031H



National
Semiconductor

LM2676

Voltage Regulator
General Description

The LM2676 series of regulators are monolithic integrated
circuits which provide all of the active functions for a step-
down (buck) switching regulator capable of driving up to 3A
loads with excellent line and load regulation characteristics.
High efficiency (>90%) is obtained through the use of a low
ON-resistance DMOS power switch. The series consists of
fixed output voltages of 3.3V, 5V and 12V and an adjustable
output version.

The SIMPLE SWITCHER concept provides for a complete
design using a minimum number of external components. A
high fixed frequency oscillator (260KHz) allows the use of
physically smaller sized components. A family of standard in-
ductors for use with the LM2676 are available from several
manufacturers to greatly simplify the design process.

The LM2676 series also has built in thermal shutdown, cur-
rent limiting and an ON/OFF control input that can power
down the regulator to a low 50pA quiescent current standby
condition. The output voltage is guaranteed to a +2% toler-
ance. The clock frequency is controlled to within a £11%
tolerance.

SIMPLE SWITCHER® High Efficiency 3A Step-Down

February 29, 2008

Features

m Efficiency up to 94%

m Simple and easy to design with (using off-the-shelf
external components)

m 150 mQ DMOS output switch

m 3.3V, 5V and 12V fixed output and adjustable (1.2V to
37V ) versions

B 50pA standby current when switched OFF

m +2%maximum output tolerance over full line and load
conditions

m  Wide input voltage range: 8V to 40V

m 260 KHz fixed frequency internal oscillator

m 40 to +125°C operating junction temperature range

Applications

m  Simple to design, high efficiency (>90%) step-down
switching regulators
m Efficient system pre-regulator for linear voltage regulators

m Battery chargers

Typical Application

Feedback

(LON/W

2x15 ufF/50V T T T

0.01 uf
\ Ill;lpUt Iy Boost
oltage _
gy | Hage o LM2676 - 5.0 35 4 output
P00 —e—0 Voltage
Switch 5V/3?A
Ground Output (——)

TSRSOS :I\ 180 uF/ 16V

SIMPLE SWITCHER® is a registered trademark of National Semiconductor Corporation

10091403

© 2008 National Semiconductor Corporation 100914

www.national.com
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LM2676

TO-263 Package
Top View

Tab is —»
Ground

1117 ON/OFF
1116 FEEDBACK
1715 NO CONNECTION
[—TT14 GROUND
T3 C BOOST
T2 INPUT

*) 1 SWITCH OUTPUT

10091401
Order Number

LM2676S-3.3, LM2676S-5.0,
LM2676S-12 or LM2676S-ADJ
See NSC Package Number TS7B

Connection Diagrams and Ordering Information

TO-220 Package
Top View

Tab is —|
Ground

—TT11 7 ON/OFF

T 116 FEEDBACK
—TT1 5 NO CONNECTION
[T T4 GROUND
[—TT1 3 C BOOST

T T2 INPUT

[©) 1 SWITCH QUTPUT

O

10091402
Order Number
LM2676T-3.3, LM2676T-5.0,

LM2676T-12 or LM2676T-ADJ
See NSC Package Number TA07B

Top View
d KD {14
w |2 {13
Vi [3] {12
CB |} DAP* 11
* |5 {10
« |8 P9
FB | 7.} {8

*No Connections

** Connect to Pin 9 on PCB

LLP-14

V.

sw
VSW

SW

*

*

GND

ON/OFF

10091441

See NS package Number SRC14A

Ordering Information for LLP Package

Output Voltage Order Information Package Marking Supplied As
12 LM2676SD-12 S0003LB 250 Units on Tape and Reel
12 LM2676SDX-12 S0003LB 2500 Units on Tape and Reel
3.3 LM2676SD-3.3 S0003NB 250 Units on Tape and Reel
3.3 LM2676SDX-3.3 S0003NB 2500 Units on Tape and Reel
5.0 LM2676SD-5.0 S0003PB 250 Units on Tape and Reel
5.0 LM2676SDX-5.0 S0003PB 2500 Units on Tape and Reel
ADJ LM2676SD-ADJ S0003RB 250 Units on Tape and Reel
ADJ LM2676SDX-ADJ S0003RB 2500 Units on Tape and Reel

www.national.com




Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD (Note 2)

Storage Temperature Range

Soldering Temperature

Wave

Input Supply Voltage 45V
ON/OFF Pin Voltage -0.1V to 6V
Switch Voltage to Ground (Note 12) -1VitoVy
Boost Pin Voltage Vg + 8V
Feedback Pin Voltage —-0.3V to 14V

Power Dissipation

Electrical Characteristics

Internally Limited

Infrared
Vapor Phase

Operating Ratings

Supply Voltage

Junction Temperature Range (T)

of operation, —40°C to 125°C. Specifications appearing in normal type apply for T, = T, = 25°C.

2kV
-65°C to 150°C

4 sec, 260°C

10 sec, 240°C
75 sec, 219°C

8V to 40V
-40°C to 125°C

Limits appearing in bold type face apply over the entire junction temperature range

LM2676-3.3
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vour Output Voltage Vy = 8V to 40V, 100mA < I r < 3A 3.3 3.234/3.201 | 3.366/3.399 \'%
n Efficiency Vin=12V, l gap = 3A 86 %
LM2676-5.0
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vourt Output Voltage Vy = 8V t0 40V, 100mA < Igr < 3A 5.0 4.900/4.850 | 5.100/5.150 \Y
n Efficiency Vin=12V, | gap = 3A 88 %
LM2676-12
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vourt Output Voltage V\y = 15V to 40V, 100mA < I5,r < 3A 12 11.76/11.64 | 12.24/12.36 Vv
n Efficiency Vin =24V, | oap =3A 94 %
LM2676-ADJ
Symbol Parameter Conditions Typ Min Max Units
(Note 3) (Note 4) (Note 4)
\ Feedback Voltage = < <
F8 98 |Vin =8V 10 40V, 100mA £ g7 = 3A 121 | 1.186/1.174 | 1.234/1.246 | V
Vout Programmed for 5V
n Efficiency Vin=12V, | gap = 3A 88 %

www.national.com
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LM2676

All Output Voltage Versions
Electrical Characteristics

Limits appearing in bold type face apply over the entire junction temperature range of operation, —40°C to 125°C.

Specifications appearing in normal type apply for T, = T; = 25°C. Unless otherwise specified V=12V for the 3.3V, 5V and Ad-
justable versions and V=24V for the 12V version.

(Note 11)

Symbol Parameter Conditions Typ Min Max Units
DEVICE PARAMETERS
lq Quiescent Current |Vegepgack = 8Y 42 6 mA
For 3.3V, 5.0V, and ADJ Versions
Veeepeack = 15V
For 12V Versions
IsTtRY Standby Quiescent| ON/OFF Pin = 0V 50 100/150 uA
Current
loL Current Limit 4.5 3.8/3.6 5.25/5.4 A
I Output Leakage |V =40V, ON/OFF Pin = 0V
Current Vawitcn = 0V 200 HA
Vswiren = -1V 16 15 mA
Rpsony | Switch On- lswitcy = 3A 0.15 0.17/0.29 Q
Resistance
fo Oscillator Measured at Switch Pin 260 225 280 kHz
Frequency
D Duty Cycle Maximum Duty Cycle 91 %
Minimum Duty Cycle 0 %
lzias Feedback Bias Veeepeack = 1.3V 85 nA
Current ADJ Version Only
V ON/OFF
omerr Threshold Voltage 1.4 08 2.0 v
lonore | ON/OFF Input ON/OFF Input = OV 20 45 uA
Current
04 Thermal T Package, Junction to Ambient 65
Resistance (Note 5)
0)a T Package, Junction to Ambient 45
(Note 6)
8,c T Package, Junction to Case 2
0)a S Package, Junction to Ambient 56 °C/W
(Note 7)
0)a S Package, Junction to Ambient 35
(Note 8)
N S Package, Junction to Ambient 26
(Note 9)
8¢ S Package, Junction to Case 2 ++
0)a SD Package, Junction to Ambient 55
(Note 10) . . C/W
04 SD Package, Junction to Ambient 29

www.national.com




Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings indicate conditions under which of the device
is guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits and associated test condition, see the electrical
Characteristics tables.

Note 2: ESD was applied using the human-body model, a 100pF capacitor discharged through a 1.5 kQ resistor into each pin.

Note 3: Typical values are determined with T, = T, = 25°C and represent the most likely norm.

Note 4: All limits are guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100%
tested during production with T, = T, = 25°C. All limits at temperature extremes are guaranteed via correlation using standard standard Quality Control (SQC)
methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Note 5: Junction to ambient thermal resistance (no external heat sink) for the 7 lead TO-220 package mounted vertically, with %2 inch leads in a socket, or on a
PC board with minimum copper area.

Note 6: Junction to ambient thermal resistance (no external heat sink) for the 7 lead TO-220 package mounted vertically, with %2 inch leads soldered to a PC
board containing approximately 4 square inches of (1 0z.) copper area surrounding the leads.

Note 7: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board area of 0.136 square inches (the same size as
the TO-263 package) of 1 oz. (0.0014 in. thick) copper.

Note 8: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board area of 0.4896 square inches (3.6 times the area
of the TO-263 package) of 1 0z. (0.0014 in. thick) copper.

Note 9: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board copper area of 1.0064 square inches (7.4 times
the area of the TO-263 package) of 1 0z. (0.0014 in. thick) copper. Additional copper area will reduce thermal resistance further. See the thermal model in Switchers
Made Simple® software.

Note 10: Junction to ambient thermal resistance for the 14-lead LLP mounted on a PC board copper area equal to the die attach paddle.

Note 11: Junction to ambient thermal resistance for the 14-lead LLP mounted on a PC board copper area using 12 vias to a second layer of copper equal to die
attach paddle. Additional copper area will reduce thermal resistance further. For layout recommendations, refer to Application Note AN-1187.

Note 12: The absolute maximum specification of the 'Switch Voltage to Ground' applies to DC voltage. An extended negative voltage limit of -8V applies to a
pulse of up to 20 ns, -6V of 60 ns and -3V of up to 100 ns.
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Continuous Mode Switching Waveforms
Vin =20V, Vour =5V, I gpp = 3A
L = 33 pH, Cqyr = 200 pF, Coy7ESR = 26 mQ
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A tay
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10091417
A: Vg Pin Voltage, 10 V/div.
B: Inductor Current, 1 A/div
C: Output Ripple Voltage, 20 mV/div AC-Coupled

Horizontal Time Base: 1 ps/div

Vjy = 20V, Vg r = 5V
L = 33 pH, Coyy = 200 WF, CoyrESR = 26 mQ

Lok |
3A
2A
B 1A
0A
100 usec/Div

10091419
A: Output Voltage, 100 mV//div, AC-Coupled.
B: Load Current: 500 mA to 3A Load Pulse

Horizontal Time Base: 100 ps/div

Typical Performance Characteristics

Load Transient Response for Continuous Mode

Discontinuous Mode Switching Waveforms
Vin =20V, Voyr =5V, | gap = 500 mA
L =10 pH, Cyyr =400 pF, Coy,7rESR = 13 mQ

20V
Atov
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B
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10091418
A: Vg, Pin Voltage, 10 V/div.
B: Inductor Current, 1 A/div
C: Output Ripple Voltage, 20 mV/div AC-Coupled

Horizontal Time Base: 1 ps//iv

Load Transient Response for Discontinuous Mode
Vin =20V, Vo =5V,
L =10 pH, Coyr =400 uF, CoyrESR =13 mQ

3A

2A

1A

ov

200 psec/Div
10091420
A: Output Voltage, 100 mV/div, AC-Coupled.
B: Load Current: 200 mA to 3A Load Pulse

Horizontal Time Base: 200 us/div
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Block Diagram
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* Active Inductor Patent Number 5,514,947
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Application Hints

The LM2676 provides all of the active functions required for
a step-down (buck) switching regulator. The internal power
switch is a DMOS power MOSFET to provide power supply
designs with high current capability, up to 3A, and highly ef-
ficient operation.

The LM2676 is part of the SIMPLE SWITCHER family of
power converters. A complete design uses a minimum num-
ber of external components, which have been pre-determined
from a variety of manufacturers. Using either this data sheet
or a design software program called LM267X Made Simple
(version 2.0) a complete switching power supply can be de-
signed quickly. The software is provided free of charge and
can be downloaded from National Semiconductor's Internet
site located at http://www.national.com.

SWITCH OUTPUT

This is the output of a power MOSFET switch connected di-
rectly to the input voltage. The switch provides energy to an
inductor, an output capacitor and the load circuitry under con-
trol of an internal pulse-width-modulator (PWM). The PWM
controller is internally clocked by a fixed 260KHz oscillator. In
a standard step-down application the duty cycle (Time ON/
Time OFF) of the power switch is proportional to the ratio of
the power supply output voltage to the input voltage. The volt-
age on pin 1 switches between Vin (switch ON) and below
ground by the voltage drop of the external Schottky diode
(switch OFF).

INPUT

The input voltage for the power supply is connected to pin 2.
In addition to providing energy to the load the input voltage
also provides bias for the internal circuitry of the LM2676. For
guaranteed performance the input voltage must be in the
range of 8V to 40V. For best performance of the power supply
the input pin should always be bypassed with an input ca-
pacitor located close to pin 2.

C BOOST

A capacitor must be connected from pin 3 to the switch output,
pin 1. This capacitor boosts the gate drive to the internal

DESIGN CONSIDERATIONS

MOSFET above Vin to fully turn it ON. This minimizes con-
duction losses in the power switch to maintain high efficiency.
The recommended value for C Boost is 0.01pF.

GROUND

This is the ground reference connection for all components in
the power supply. In fast-switching, high-current applications
such as those implemented with the LM2676, it is recom-
mended that a broad ground plane be used to minimize signal
coupling throughout the circuit

FEEDBACK

This is the input to a two-stage high gain amplifier, which
drives the PWM controller. It is necessary to connect pin 6 to
the actual output of the power supply to set the dc output volt-
age. For the fixed output devices (3.3V, 5V and 12V outputs),
a direct wire connection to the output is all that is required as
internal gain setting resistors are provided inside the LM2676.
For the adjustable output version two external resistors are
required to set the dc output voltage. For stable operation of
the power supply it is important to prevent coupling of any
inductor flux to the feedback input.

ON/OFF

This input provides an electrical ON/OFF control of the power
supply. Connecting this pin to ground or to any voltage less
than 0.8V will completely turn OFF the regulator. The current
drain from the input supply when OFF is only 50pA. Pin 7 has
an internal pull-up current source of approximately 20pA and
a protection clamp zener diode of 7V to ground. When elec-
trically driving the ON/OFF pin the high voltage level for the
ON condition should not exceed the 6V absolute maximum
limit. When ON/OFF control is not required pin 7 should be
left open circuited.

DAP (LLP PACKAGE)

The Die Attach Pad (DAP) can and should be connected to
PCB Ground plane/island. For CAD and assembly guidelines
refer to Applicaton Note AN-1187 at hitp:/
power.national.com.

Cs
I
FEEDBACK Cg Keep Feedback Wiring Away
|« From Inductor Flux
+ iy LM2676 OUTPUT L Regulated Output
fixed output
Unregulated -
DC Input N GND ON/OFF

CN

D1

Heavy Lines Must Be Kept Short And Use
Ground Plane Construction For Best Results

10091407

FIGURE 1. Basic circuit for fixed output voltage applications.

www.national.com




Locate the Programming Resistors near
the Feedback Pin Using Short Leads

R1 R2
——AW——— AW
Cq
|1
FEEDBACK Cg " Keep Feedback Wiring Away
| .— From Inductor Flux
L
. VN LM2676 OUTPUT Regulated Output
adjustable
Unregulated prl
DC Input N GND ON/OFF
—[ G D1
- o
Heavy Lines Must Be Kept Short And Use

Ground Plane Construction For Best Results

10091408

FIGURE 2. Basic circuit for adjustable output voltage applications

Power supply design using the LM2676 is greatly simplified
by using recommended external components. A wide range
of inductors, capacitors and Schottky diodes from several
manufacturers have been evaluated for use in designs that
cover the full range of capabilities (input voltage, output volt-
age and load current) of the LM2676. A simple design proce-
dure using nomographs and component tables provided in
this data sheet leads to a working design with very little effort.
Alternatively, the design software, LM267X Made Simple
(version 6.0), can also be used to provide instant component
selection, circuit performance calculations for evaluation, a
bill of materials component list and a circuit schematic.
INDUCTOR

The inductor is the key component in a switching regulator.
For efficiency the inductor stores energy during the switch ON
time and then transfers energy to the load while the switch is
OFF.

Nomographs are used to select the inductance value required
for a given set of operating conditions. The nomographs as-
sume that the circuit is operating in continuous mode (the
current flowing through the inductor never falls to zero). The
magnitude of inductance is selected to maintain a maximum
ripple current of 30% of the maximum load current. If the ripple
current exceeds this 30% limit the next larger value is select-
ed.

The inductors offered have been specifically manufactured to
provide proper operation under all operating conditions of in-
put and output voltage and load current. Several part types
are offered for a given amount of inductance. Both surface
mount and through-hole devices are available. The inductors
from each of the three manufacturers have unique character-
istics.

Renco: ferrite stick core inductors; benefits are typically low-
est cost and can withstand ripple and transient peak currents
above the rated value. These inductors have an external
magnetic field, which may generate EMI.

Pulse Engineering: powdered iron toroid core inductors;
these also can withstand higher than rated currents and, be-
ing toroid inductors, will have low EMI.

Coilcraft: ferrite drum core inductors; these are the smallest
physical size inductors and are available only as surface
mount components. These inductors also generate EMI but
less than stick inductors.

The individual components from the various manufacturers
called out for use are still just a small sample of the vast array
of components available in the industry. While these compo-
nents are recommended, they are not exclusively the only
components for use in a design. After a close comparison of
component specifications, equivalent devices from other
manufacturers could be substituted for use in an application.

Important considerations for each external component and an
explanation of how the nomographs and selection tables were
developed follows.

OUTPUT CAPACITOR

The output capacitor acts to smooth the dc output voltage and
also provides energy storage. Selection of an output capaci-
tor, with an associated equivalent series resistance (ESR),
impacts both the amount of output ripple voltage and stability
of the control loop.

The output ripple voltage of the power supply is the product
of the capacitor ESR and the inductor ripple current. The ca-
pacitor types recommended in the tables were selected for
having low ESR ratings.

In addition, both surface mount tantalum capacitors and
through-hole aluminum electrolytic capacitors are offered as
solutions.

Impacting frequency stability of the overall control loop, the
output capacitance, in conjunction with the inductor, creates
a double pole inside the feedback loop. In addition the ca-
pacitance and the ESR value create a zero. These frequency
response effects together with the internal frequency com-
pensation circuitry of the LM2676 modify the gain and phase
shift of the closed loop system.

As a general rule for stable switching regulator circuits it is
desired to have the unity gain bandwidth of the circuit to be
limited to no more than one-sixth of the controller switching
frequency. With the fixed 260KHz switching frequency of the
LM2676, the output capacitor is selected to provide a unity
gain bandwidth of 40KHz maximum. Each recommended ca-
pacitor value has been chosen to achieve this result.

In some cases multiple capacitors are required either to re-
duce the ESR of the output capacitor, to minimize output
ripple (a ripple voltage of 1% of Vout or less is the assumed
performance condition), or to increase the output capacitance
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to reduce the closed loop unity gain bandwidth (to less than
40KHz). When parallel combinations of capacitors are re-
quired it has been assumed that each capacitor is the exact
same part type.

The RMS current and working voltage (WV) ratings of the
output capacitor are also important considerations. In a typi-
cal step-down switching regulator, the inductor ripple current
(set to be no more than 30% of the maximum load current by
the inductor selection) is the current that flows through the
output capacitor. The capacitor RMS current rating must be
greater than this ripple current. The voltage rating of the out-
put capacitor should be greater than 1.3 times the maximum
output voltage of the power supply. If operation of the system
at elevated temperatures is required, the capacitor voltage
rating may be de-rated to less than the nominal room tem-
perature rating. Careful inspection of the manufacturer's
specification for de-rating of working voltage with temperature
is important.

INPUT CAPACITOR

Fast changing currents in high current switching regulators
place a significant dynamic load on the unregulated power
source. An input capacitor helps to provide additional current
to the power supply as well as smooth out input voltage vari-
ations.

Like the output capacitor, the key specifications for the input
capacitor are RMS current rating and working voltage. The
RMS current flowing through the input capacitor is equal to
one-half of the maximum dc load current so the capacitor
should be rated to handle this. Paralleling multiple capacitors
proportionally increases the current rating of the total capac-
itance. The voltage rating should also be selected to be 1.3
times the maximum input voltage. Depending on the unregu-
lated input power source, under light load conditions the
maximum input voltage could be significantly higher than nor-
mal operation and should be considered when selecting an
input capacitor.

The input capacitor should be placed very close to the input
pin of the LM2676. Due to relative high current operation with
fast transient changes, the series inductance of input con-
necting wires or PCB traces can create ringing signals at the
input terminal which could possibly propagate to the output or
other parts of the circuitry. It may be necessary in some de-
signs to add a small valued (0.1pF to 0.47uF) ceramic type
capacitor in parallel with the input capacitor to prevent or min-
imize any ringing.

CATCH DIODE

When the power switch in the LM2676 turns OFF, the current
through the inductor continues to flow. The path for this cur-
rentis through the diode connected between the switch output
and ground. This forward biased diode clamps the switch out-
put to a voltage less than ground. This negative voltage must
be greater than -1V so a low voltage drop (particularly at high
current levels) Schottky diode is recommended. Total effi-
ciency of the entire power supply is significantly impacted by
the power lost in the output catch diode. The average current
through the catch diode is dependent on the switch duty cycle
(D) and is equal to the load current times (1-D). Use of a diode
rated for much higher current than is required by the actual
application helps to minimize the voltage drop and power loss
in the diode.

During the switch ON time the diode will be reversed biased
by the input voltage. The reverse voltage rating of the diode
should be at least 1.3 times greater than the maximum input
voltage.

BOOST CAPACITOR

The boost capacitor creates a voltage used to overdrive the
gate of the internal power MOSFET. This improves efficiency
by minimizing the on resistance of the switch and associated
power loss. For all applications it is recommended to use a
0.01uF/50V ceramic capacitor.

ADDITIONAL APPLICATON INFORMATION

When the output voltage is greater than approximately 6V,
and the duty cycle at minimum input voltage is greater than
approximately 50%, the designer should exercise caution in
selection of the output filter components. When an application
designed to these specific operating conditions is subjected
to a current limit fault condition, it may be possible to observe
a large hysteresis in the current limit. This can affect the out-
put voltage of the device until the load current is reduced
sufficiently to allow the current limit protection circuit to reset
itself.
Under current limiting conditions, the LM267x is designed to
respond in the following manner:
1. At the moment when the inductor current reaches the
current limit threshold, the ON-pulse is immediately
terminated. This happens for any application condition.

2. However, the current limit block is also designed to
momentarily reduce the duty cycle to below 50% to avoid
subharmonic oscillations, which could cause the inductor
to saturate.

3. Thereafter, once the inductor current falls below the
current limit threshold, there is a small relaxation time
during which the duty cycle progressively rises back
above 50% to the value required to achieve regulation.

If the output capacitance is sufficiently ‘large’, it may be pos-
sible that as the output tries to recover, the output capacitor
charging current is large enough to repeatedly re-trigger the
current limit circuit before the output has fully settled. This
condition is exacerbated with higher output voltage settings
because the energy requirement of the output capacitor
varies as the square of the output voltage (2CV2), thus re-
quiring an increased charging current.

A simple test to determine if this condition might exist for a

suspect application is to apply a short circuit across the output

of the converter, and then remove the shorted output condi-
tion. In an application with properly selected external compo-
nents, the output will recover smoothly.

Practical values of external components that have been ex-
perimentally found to work well under these specific operating
conditions are Cq;r = 47uF, L = 22uH. It should be noted that
even with these components, for a device’s current limit of
Icmy the maximum load current under which the possibility of
the large current limit hysteresis can be minimized is I /2.
For example, if the input is 24V and the set output voltage is
18V, then for a desired maximum current of 1.5A, the current
limit of the chosen switcher must be confirmed to be at least
3A.

SIMPLE DESIGN PROCEDURE

Using the nomographs and tables in this data sheet (or use
the available design software at http://www.national.com) a
complete step-down regulator can be designed in a few sim-
ple steps.

Step 1: Define the power supply operating conditions:
Required output voltage

Maximum DC input voltage

Maximum output load current

www.national.com
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Step 2: Set the output voltage by selecting a fixed output
LM2676 (3.3V, 5V or 12V applications) or determine the re-
quired feedback resistors for use with the adjustable LM2676
-ADJ

Step 3: Determine the inductor required by using one of the
four nomographs, Figure 3through Figure 6. Table 1 provides
a specific manufacturer and part number for the inductor.

Step 4: Using Table 3 (fixed output voltage) or Table 6 (ad-
justable output voltage), determine the output capacitance
required for stable operation. Table 2 provides the specific
capacitor type from the manufacturer of choice.

Step 5: Determine an input capacitor from Table 4 for fixed
output voltage applications. Use Table 2 to find the specific
capacitor type. For adjustable output circuits select a capac-
itor from Table 2 with a sufficient working voltage (WV) rating
greater than Vin max, and an rms current rating greater than
one-half the maximum load current (2 or more capacitors in
parallel may be required).

Step 6: Select a diode from Table 5. The current rating of the
diode must be greater than | load max and the Reverse Volt-
age rating must be greater than Vin max.

Step 7: Include a 0.01uF/50V capacitor for Cboost in the de-
sign.

FIXED OUTPUT VOLTAGE DESIGN EXAMPLE

A system logic power supply bus of 3.3V is to be generated
from a wall adapter which provides an unregulated DC volt-
age of 13V to 16V. The maximum load current is 2.5A.
Through-hole components are preferred.

Step 1: Operating conditions are:

Vout = 3.3V

Vin max = 16V

lload max = 2.5A

Step 2: Select an LM2676T-3.3. The output voltage will have
a tolerance of

+2% at room temperature and +3% over the full operating
temperature range.

Step 3: Use the nomograph for the 3.3V device , Figure 3. The
intersection of the 16V horizontal line (V,, max) and the 2.5A
vertical line (l,,,4 max) indicates that L33, a 22uH inductor, is
required.

From Table 1, L33 in a through-hole component is available
from Renco with part number RL-1283-22-43 or part number
PE-53933 from Pulse Engineering.

Step 4: Use Table 3 to determine an output capacitor. With a
3.3V output and a 22uH inductor there are four through-hole
output capacitor solutions with the number of same type ca-
pacitors to be paralleled and an identifying capacitor code
given. Table 2 provides the actual capacitor characteristics.
Any of the following choices will work in the circuit:

1 x 220uF/10V Sanyo OS-CON (code C5)

1 x 1000pF/35V Sanyo MV-GX (code C10)

1 x 2200pF/10V Nichicon PL (code C5)

1 x 1000uF/35V Panasonic HFQ (code C7)

Step 5: Use Table 4 to select an input capacitor. With 3.3V
output and 22uH there are three through-hole solutions.
These capacitors provide a sufficient voltage rating and an
rms current rating greater than 1.25A (1/2 |,,,4 max). Again
using Table 2 for specific component characteristics the fol-
lowing choices are suitable:

1 x 1000pF/63V Sanyo MV-GX (code C14)

1 x 820uF/63V Nichicon PL (code C24)

1 x 560uF/50V Panasonic HFQ (code C13)

Step 6: From Table 5 a 3A Schottky diode must be selected.
For through-hole components 20V rated diodes are sufficient
and 2 part types are suitable:

1N5820

SR302

Step 7: A 0.01pF capacitor will be used for Cboost.

ADJUSTABLE OUTPUT DESIGN EXAMPLE

In this example it is desired to convert the voltage from a two
battery automotive power supply (voltage range of 20V to
28V, typical in large truck applications) to the 14.8VDC alter-
nator supply typically used to power electronic equipment
from single battery 12V vehicle systems. The load current re-
quired is 2A maximum. It is also desired to implement the
power supply with all surface mount components.

Step 1: Operating conditions are:

Vout = 14.8V

Vin max = 28V

lload max = 2A

Step 2: Select an LM2676S-ADJ. To set the output voltage
to 14.9V two resistors need to be chosen (R1 and R2in Figure

2). For the adjustable device the output voltage is set by the
following relationship:

Vour = Vrs (1 * R

Where Vg is the feedback voltage of typically 1.21V.

A recommended value to use for R1 is 1K. In this example
then R2 is determined to be:

14.8V iy

1.21V

,=R ( 0UT—1)—1I<.Q

R2 =11.23KQ
The closest standard 1% tolerance value to use is 11.3KQ

This will set the nominal output voltage to 14.88V which is
within 0.5% of the target value.

Step 3: To use the nomograph for the adjustable device, Fig-
ure 6, requires a calculation of the inductor Voltemicrosecond
constant (E*T expressed in VeuS) from the following formula:

Your * Vb 1000

£ 7= (inguax) = Vour = Vsar) - Vinguax) ~ Vsar+Vp 260 (V- pe)

where Vg7 is the voltage drop across the internal power
switch which is Ry o) times ,,,4. In this example this would
be typically 0.15Q x 2A or 0.3V and Vj is the voltage drop
across the forward bisased Schottky diode, typically 0.5V.
The switching frequency of 260KHz is the nominal value to
use to estimate the ON time of the switch during which energy
is stored in the inductor.

For this example E°T is found to be:

14.8+0.5 1000

E.T=(28- 14'8_0'3)'—28—0‘3+0‘5 * 260

(Veus)

E-T=(12.9V)+ 222 . 3.85(V. us)=26.9 (V-us)

Using Figure 6, the intersection of 27VeuS horizontally and
the 2A vertical line (l,,,4 max) indicates that L38 , a 68uH in-
ductor, should be used.
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From Table 1, L38 in a surface mount component is available
from Pulse Engineering with part number PE-54038S.

Step 4: Use Table 6 to determine an output capacitor. With a
14.8V output the 12.5 to 15V row is used and with a 68uH
inductor there are three surface mount output capacitor solu-
tions. Table 2 provides the actual capacitor characteristics
based on the C Code number. Any of the following choices
can be used:

1 x 33uF/20V AVX TPS (code C6)
1 x 47uF/20V Sprague 594 (code C8)
1 x 47uF/20V Kemet T495 (code C8)

Important Note: When using the adjustable device in low
voltage applications (less than 3V output), if the nomograph,
Figure 6, selects an inductance of 22uH or less, Table 6 does
not provide an output capacitor solution. With these condi-
tions the number of output capacitors required for stable
operation becomes impractical. It is recommended to use ei-
ther a 33pH or 47pH inductor and the output capacitors from
Table 6.

Step 5: An input capacitor for this example will require at least
a 35V WV rating with an rms current rating of 1A (1/2 lout

max). From Table 2 it can be seen that C12, a 33uF/35V ca-
pacitor from Sprague, has the required voltage/current rating
of the surface mount components.

Step 6: From Table 5 a 3A Schottky diode must be selected.
For surface mount diodes with a margin of safety on the volt-
age rating one of five diodes can be used:

SK34

30BQ040

30WQO04F

MBRS340

MBRD340

Step 7: A 0.01uF capacitor will be used for Cboost.

LLP PACKAGE DEVICES

The LM2676 is offered in the 14 lead LLP surface mount
package to allow for a significantly decreased footprint with
equivalent power dissipation compared to the TO-263. For
details on mounting and soldering specifications, refer to Ap-
plication Note AN-1187.
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Inductor Selection Guides

For Continuous Mode Operation
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Table 1. Inductor Manufacturer Part Numbers

Inductor Renco Pulse Engineering Coilcraft
Reference Inductance | Current Through Hole Surface Through Surface Surface Mount
Number (HH) (A) Mount Hole Mount
L23 33 1.35 RL-5471-7 RL1500-33 |PE-53823 |PE-53823S |D0O3316-333
L24 22 1.65 RL-1283-22-43 [ RL1500-22 |PE-53824 |PE-53824S |D03316-223
L25 15 2.00 RL-1283-15-43 [ RL1500-15 |PE-53825 |PE-53825S |D0O3316-153
L29 100 1.41 RL-5471-4 RL-6050-100 | PE-53829 |PE-53829S [DO5022P-104
L30 68 1.71 RL-5471-5 RL6050-68 [PE-53830 |PE-53830S |DO5022P-683
L31 47 2.06 RL-5471-6 RL6050-47 |PE-53831 |[PE-53831S |DO5022P-473
L32 33 2.46 RL-5471-7 RL6050-33 |PE-53932 |[PE-53932S |DO5022P-333
L33 22 3.02 RL-1283-22-43 [ RL6050-22 |PE-53933 |PE-53933S |D0O5022P-223
L34 15 3.65 RL-1283-15-43 — PE-53934 |PE-53934S |DO5022P-153
L38 68 297 RL-5472-2 — PE-54038 |PE-54038S —
L39 47 3.57 RL-5472-3 — PE-54039 |PE-54039S —
L40 33 4.26 RL-1283-33-43 — PE-54040 |PE-54040S —
L41 22 5.22 RL-1283-22-43 — PE-54041 |P0841 —
L44 68 3.45 RL-5473-3 — PE-54044 — —
L45 10 4.47 | RL-1283-10-43 — — P0845 DO5022P-103HC
Inductor Manufacturer Contact Numbers
Coilcraft Phone [(800) 322-2645
FAX (708) 639-1469
Coilcraft, Europe Phone |[+44 1236 730 595
FAX +44 1236 730 627
Pulse Engineering Phone |[(619) 674-8100
FAX (619) 674-8262
Pulse Engineering, Phone |[+353 93 24 107
Europe FAX +353 93 24 459
Renco Electronics Phone [(800) 645-5828
FAX (516) 586-5562
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Capacitor Selection Guides

Table 2. Input and Output Capacitor Codes

. Surface Mount
::fpe ar:::; AVX TPS Series Sprague 594D Series Kemet T495 Series
Code C(F) WV() Irms |C(uF) WV(V) Irms | C(uF) WV (V) Irms
(A) (A) (A)
C1 330 6.3 1.15 120 6.3 1.1 100 6.3 0.82
Cc2 100 10 1.1 220 6.3 1.4 220 6.3 1.1
C3 220 10 1.15 68 10 1.05 330 6.3 1.1
C4 47 16 0.89 150 10 1.35 100 10 1.1
C5 100 16 1.15 47 16 1 150 10 1.1
cé6 33 20 0.77 100 16 1.3 220 10 1.1
c7 68 20 0.94 180 16 1.95 33 20 0.78
C8 22 25 0.77 47 20 1.15 47 20 0.94
Cc9 10 35 0.63 33 25 1.05 68 20 0.94
C10 22 35 0.66 68 25 1.6 10 35 0.63
C11 15 35 0.75 22 35 0.63
C12 33 35 1 4.7 50 0.66
C13 15 50 0.9

Input and Output Capacitor Codes (continued)

. Through Hole
Fci::f‘:e ?::g; Sanyo OS-CON SA Series| Sanyo MV-GX Series Nichicon PL Series Panasonic HFQ Series
Code C(F) WV(() Irms |C(uF) WV (V) Irms |C(uF) WV (V) Irms | C(uF) WV (V) Irms

(A) (A) (A) (A)

C1 47 6.3 1 1000 6.3 0.8 680 10 0.8 82 35 0.4

Cc2 150 6.3 1.95 270 16 0.6 820 10 0.98 120 35 0.44

C3 330 6.3 2.45 470 16 0.75 1000 10 1.06 220 35 0.76

C4 100 10 1.87 560 16 0.95 1200 10 1.28 330 35 1.01

C5 220 10 2.36 820 16 1.25 2200 10 1.71 560 35 1.4

C6 33 16 0.96 1000 16 1.3 3300 10 2.18 820 35 1.62

c7 100 16 1.92 150 35 0.65 3900 10 2.36 1000 35 1.73

C8 150 16 2.28 470 35 1.3 6800 10 2.68 2200 35 2.8

C9 100 20 2.25 680 35 1.4 180 16 0.41 56 50 0.36

C10 47 25 2.09 1000 35 1.7 270 16 0.55 100 50 0.5

Ci1 220 63 0.76 470 16 0.77 220 50 0.92

C12 470 63 1.2 680 16 1.02 470 50 1.44

C13 680 63 1.5 820 16 1.22 560 50 1.68

C14 1000 63 1.75 1800 16 1.88 1200 50 2.22

C15 220 25 0.63 330 63 1.42

C16 220 35 0.79 1500 63 2.51

C17 560 35 1.43

Cc18 2200 35 2.68

C19 150 50 0.82

C20 220 50 1.04

Cc21 330 50 1.3

C22 100 63 0.75

Cc23 390 63 1.62

C24 820 63 2.22

C25 1200 63 2.51

17
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Capacitor Manufacturer Contact Numbers

Nichicon Phone (847) 843-7500
FAX (847) 843-2798
Panasonic Phone (714) 373-7857
FAX (714) 373-7102
AVX Phone (845) 448-9411
FAX (845) 448-1943
Sprague/Vishay Phone (207) 324-4140
FAX (207) 324-7223
Sanyo Phone (619) 661-6322
FAX (619) 661-1055
Kemet Phone (864) 963-6300
FAX (864) 963-6521

Table 3. Output Capacitors for Fixed Output Voltage Application

Surface Mount
Output | Inductance AVX TPS Series |Sprague 594D Series| Kemet T495 Series
Voltage (V) (HH)
No. C Code No. C Code No. C Code
10 4 c2 3 C1 4 C4
15 4 c2 3 C1 4 C4
33 22 3 C2 2 074 3 C4
33 2 c2 2 Cc6 2 C4
10 4 Cc2 4 C6 4 C4
15 3 c2 2 c7 3 Cc4
5 22 3 c2 2 c7 3 Cc4
33 2 Cc2 2 C3 2 C4
47 2 c2 1 Cc7 2 C4
10 4 C5 3 Cc6 5 C9
15 3 C5 2 Cc7 4 Cs8
22 2 C5 2 Ccé6 3 C8
12 33 2 C5 1 c7 2 C8
47 2 C4 1 C6 2 C8
68 1 C5 1 C5 2 c7
100 1 C4 1 C5 1 Cs8
Through Hole
Vo?tt:g;)euIV) IndL(l:tHa)nce SanyoSC;?i-eCSON SA Sanyo MV-GX Series | Nichicon PL Series Pana;::;:;HFQ
No. C Code No. C Code No. C Code No. C Code
10 1 C3 1 C10 1 C6 2 cé6
33 15 1 C3 1 C10 1 Cé6 2 C5
22 1 C5 1 Cc10 1 C5 1 Cc7
33 1 c2 1 C10 1 C13 1 C5
10 2 C4 1 C10 1 Ccé6 2 C5
15 1 C5 1 C10 1 C5 1 Ccé6
5 22 1 C5 1 C5 1 C5 1 C5
33 1 C4 1 C5 1 C13 1 C5
47 1 C4 1 C4 1 C13 2 C3
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Through Hole
Vo?t:tg;)euIV) IndL(l:tHe;nce Sanyosc‘):i;CSON SA Sanyo MV-GX Series | Nichicon PL Series Pana;::;:;HFQ
No. C Code No. C Code No. C Code No. C Code

10 2 c7 1 C5 1 C18 2 C5

15 1 Ccs8 1 C5 1 C17 1 C5

22 1 Cc7 1 C5 1 C13 1 C5

12 33 1 Cc7 1 C3 1 C11 1 C4

47 1 Cc7 1 C3 1 C10 1 C3

68 1 Cc7 1 c2 1 C10 1 C3

100 1 Cc7 1 Cc2 1 C9 1 C1

No. represents the number of identical capacitor types to be connected in parallel
C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.

Table 4. Input Capacitors for Fixed Output Voltage Application
(Assumes worst case maximum input voltage and load current for a given inductance value)

Surface Mount
Vo(I)tl:t_:l;eu:V) Indt(::lt-la)nce AVX TPS Series |Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
10 2 C5 1 Cc7 2 Cs8
- 15 3 C9 1 C10 3 C10
22 * * 2 C13 3 ci12
33 * * 2 C13 2 C12
10 2 C5 1 c7 2 C8
15 2 C5 1 c7 2 C8
5 22 3 C10 2 C12 3 C1i1
33 * * 2 C13 3 C12
47 * * 1 C13 2 C12
10 2 Cc7 2 C10 2 Cc7
15 2 Cc7 2 C10 2 Cc7
22 3 Cc10 2 ci12 3 C10
12 33 3 C10 2 C12 3 C10
47 * * 2 C13 3 C12
68 * * 2 C13 2 C12
100 * * 1 C13 2 C12
Through Hole
Vocl)t:tgpeuIV) Indl(j::_la)nce Sanyos(lfi;csON SA Sanyo MV-GX Series | Nichicon PL Series Panass::;;csHFQ
No. C Code No. C Code No. C Code No. C Code
10 1 Cc7 2 C4 1 C5 1 Cc6
4.3 15 1 C10 1 C10 1 C18 1 cé6
22 * * 1 C14 1 C24 1 C13
33 * * 1 C12 1 C20 1 C12
10 1 Cc7 2 C4 1 C14 1 cé6
15 1 Cc7 2 C4 1 Ci14 1 Cé6
5 22 * * 1 C10 1 Cc18 1 C13
33 * * 1 C14 1 Cc23 1 C13
47 * * 1 C12 1 C20 1 C12
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Through Hole
Vo?t:tg;)euIV) IndL(l:tHa)nce Sanyosc‘):i;CSON SA Sanyo MV-GX Series | Nichicon PL Series Panass’:rr;:;HFQ
No. C Code No. C Code No. C Code No. C Code

10 1 C9 1 C10 1 C18 1 cé6

15 1 C10 1 C10 1 C18 1 cé6

22 1 C10 1 C10 1 ci8 1 cé6

12 33 * * 1 C10 1 C18 1 Ccé6

47 * * 1 C13 1 C23 1 C13

68 * * 1 C12 1 C21 1 C12

100 * * 1 Ci1 1 Cc22 1 Ci1

* Check voltage rating of capacitors to be greater than application input voltage.
No. represents the number of identical capacitor types to be connected in parallel
C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.

Table 5. Schottky Diode Selection Table

Semiconductor

Reverse Surface Mount Through Hole
Voltage 3A 5A or More 3A 5A or More
V)
20V SK32 1N5820
SR302
30V SK33 MBRD835L 1N5821
30WQO3F 31DQ03
40V SK34 MBRB1545CT 1N5822
30BQ040 6TQ045S MBR340 MBR745
30WQO04F 31DQ04 80SQ045
MBRS340 SR403 6TQ045
MBRD340
50V or SK35 MBR350
More 30WQO5F 31DQ05
SR305
Diode Manufacturer Contact Numbers
International Rectifier |Phone (310) 322-3331
FAX (310) 322-3332
Motorola Phone (800) 521-6274
FAX (602) 244-6609
General Phone (516) 847-3000

FAX (516) 847-3236
Diodes, Inc. Phone (805) 446-4800
FAX (805) 446-4850

Table 6. Output Capacitors for Adjustable Output Voltage Applications

Output Volt Induct Surface Mount
! pu(v)o age | l(J:Ha;nce AVX TPS Series |Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
33 7 Ci 6 c2 7 C3
1.21 to 2.50
47* 5 C1 4 c2 5 c3
33* 4 C1 3 c2 4 c3
2.5t03.75
47* 3 C1 2 c2 3 c3
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o Vol ind Surface Mount
utpu:v)o tage | In t(J:La)nce AVX TPS Series | Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
22 4 C1 3 c2 4 C3
3.75t05 33 3 C1 2 c2 3 C3
47 2 C1 2 Cc2 2 C3
22 3 c2 3 C3 3 C4
33 2 c2 2 C3 2 C4
510 6.25
47 2 Cc2 2 C3 2 C4
68 1 Cc2 1 C3 1 C4
22 3 c2 1 C4 3 C4
33 2 c2 1 C3 2 C4
6.25t0 7.5
47 1 C3 1 C4 1 C6
68 1 c2 1 C3 1 C4
33 2 C5 1 Cé6 2 (01:]
47 1 C5 1 C6 2 (01:]
7.5t0 10
68 1 C5 1 C6 1 (01:]
100 1 C4 1 C5 1 (01:]
33 1 C5 1 C6 2 (01:]
47 1 C5 1 Cé6 2 (6F:]
10to 12.5
68 1 C5 1 Cé6 1 c8
100 1 C5 1 C6 1 c8
33 1 Cé6 1 (01:] 1 (01:]
47 1 Cé6 1 (07:] 1 (07:]
12.5t0 15
68 1 C6 1 (01:] 1 (01:]
100 1 C6 1 (01:] 1 (01:]
33 1 (01:] 1 Cc10 2 Cc10
47 1 (01:] 1 C9 2 Cc10
15to 20
68 1 cs 1 C9 2 Cc10
100 1 c8 1 C9 1 Cc10
33 2 C9 2 C11 2 C11
47 1 C10 1 c12 1 c11
20 to 30
68 1 C9 1 ci12 1 C11
100 1 C9 1 ci12 1 C11
10 4 C13 8 ci12
15 3 C13 5 ci12
22 No Values Available 2 C13 4 ci12
30 to 37
33 1 C13 3 c12
47 1 C13 2 ci12
68 1 C13 2 Cci12

Output Capacitors for Adjustable Output Voltage Applications (continued)

Through Hole
Output Voltage | Inductance | Sanyo OS.-CON SA Sanyo MV-GX Series | Nichicon PL Series Panasorflc HFQ
(\%)] (HH) Series Series
No. C Code No. C Code No. C Code No. C Code

33* 2 C3 5 C1 5 C3 3 C
1.21 to 2.50

47* 2 c2 4 C1 3 C3 2 C5

33* 1 C3 3 C1 3 C1 2 C5
2.5t03.75

47* 1 Cc2 2 C1 2 C3 1 C5
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Through Hole
Output Voltage | Inductance | Sanyo OS.-CON SA Sanyo MV-GX Series | Nichicon PL Series Panasorflc HFQ
) (uH) Series Series
No. C Code No. C Code No. C Code No. C Code
22 1 C3 3 C1 3 C1 2 C5
3.75t0 5 33 1 c2 2 C1 2 C1 1 C5
47 1 Cc2 2 C1 1 C3 1 C5
22 1 C5 2 C6 2 C3 2 C5
33 1 C4 1 C6 2 C1 1 C5
5t06.25
47 1 C4 1 Cc6 1 C3 1 C5
68 1 C4 1 Ccé6 1 C1 1 C5
22 1 C5 1 Cé6 2 C1 1 C5
33 1 C4 1 Cé6 1 C3 1 C5
6.25t0 7.5
47 1 Cc4 1 C6 1 C1 1 C5
68 1 C4 1 c2 1 C1 1 C5
33 1 Cc7 1 C6 1 C14 1 C5
47 1 Cc7 1 C6 1 C14 1 C5
7.5t0 10
68 1 C7 1 Cc2 1 C14 1 Cc2
100 1 c7 1 Cc2 1 C14 1 Cc2
33 1 c7 1 Ccé6 1 C14 1 C5
47 1 Cc7 1 c2 1 C14 1 C5
10to 12.5
68 1 c7 1 c2 1 C9 1 c2
100 1 c7 1 c2 1 C9 1 c2
33 1 C9 1 C10 1 C15 1 Cc2
47 1 C9 1 Cc10 1 C15 1 Cc2
12.5t0 15
68 1 C9 1 C10 1 C15 1 Cc2
100 1 C9 1 C10 1 C15 1 c2
33 1 C10 1 Cc7 1 C15 1 Cc2
47 1 C10 1 c7 1 C15 1 Cc2
15to 20
68 1 C10 1 Cc7 1 C15 1 c2
100 1 C10 1 c7 1 C15 1 c2
33 1 c7 1 C16 1 Cc2
47 No Values 1 Cc7 1 C16 1 Cc2
20 to 30 )
68 Available 1 Cc7 1 C16 1 Cc2
100 1 Cc7 1 C16 1 c2
10 1 C12 1 C20 1 C10
15 1 Ci1 1 C20 1 Ci1
22 No Values 1 C11 1 C20 1 C10
30to 37 )
33 Available 1 C11 1 C20 1 C10
47 1 C11 1 C20 1 C10
68 1 C11 1 C20 1 C10

* Set to a higher value for a practical design solution. See Applications Hints section
No. represents the number of identical capacitor types to be connected in parallel
C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.

www.national.com

22




Physical Dimensions inches (millimeters) unless otherwise noted
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LM2676 SIMPLE SWITCHER High Efficiency 3A Step-Down Voltage Regulator

Notes
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[NSTRUMENTS LM2676

SIMPLE SWITCHER®® High Efficiency 3A Step-Down
Voltage Regulator
General Description Features

The LM2676 series of regulators are monolithic integrated m Efficiency up to 94%

circuits which provide all of the active functions for a step-  w Simple and easy to design with (using off-the-shelf
down (buck) switching regulator capable of driving up to 3A external components)

loads with excezlent Iir;e and load regulation characterist:cs. = 150 mQ DMOS output switch

High efficiency (>90%) is obtained through the use of a low ) .

ON-resistance DMOS power switch. The series consists of = 3.3V,5V a.nd 12V fixed output and adjustable (1.2V to
fixed output voltages of 3.3V, 5V and 12V and an adjustable 37V) versions

output version. ® 50pA standby current when switched OFF
The SIMPLE SWITCHER concept provides for a complete ™ +2%maximum output tolerance over full line and load
design using a minimum number of external components. A conditions

high fixed frequency oscillator (260KHz) allows the use of ™ Wide input voltage range: 8V to 40V

physically smaller sized components. A family of standard in- m 260 KHz fixed frequency internal oscillator

ductors for use with the LM2676 are available from several m —40 to +125°C operating junction temperature range
manufacturers to greatly simplify the design process.

The LM2676 series also has built in thermal shutdown, cur- App"cations

rent limiting and an ON/OFF control input that can power

down the regulator to a low 50pA quiescent current standby ™ Simple to design, high efficiency (>90%) step-down

condition. The output voltage is guaranteed to a 2% toler- switching regulators
ance. The clock frequency is controlled to within a +11%  m Efficient system pre-regulator for linear voltage regulators
tolerance. m Battery chargers

Typical Application

Feedback

0.01 uF
\ IITPUt iy Boost
oltage _
gy | Hage o LM2676 - 5.0 33 b output
V0 —e—O Voltage
Switch 5v/34

2x15 uf/50V ON/OFF Ground Output == A
TSRWS T 180 uF/ 16V

10091403

SIMPLE SWITCHER® is a registered trademark of National Semiconductor Corporation.

© 2012 Texas Instruments Incorporated 100914 SNVS031I www.ti.com
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LM2676

TO-263 Package
Top View

Tab is —»
Ground

1117 ON/OFF
1116 FEEDBACK
1715 NO CONNECTION
[—TT14 GROUND
T3 C BOOST
T2 INPUT

*) 1 SWITCH OUTPUT

10091401
Order Number
LM2676-3.3,

LM2676S-12 or LM2676S-ADJ
See NSC Package Number TS7B

Connection Diagrams and Ordering Information

TO-220 Package
Top View

Tab is —|
Ground

—TT11 7 ON/OFF

T 116 FEEDBACK
—TT1 5 NO CONNECTION
[T T4 GROUND
[—TT1 3 C BOOST

T T2 INPUT

[©) 1 SWITCH QUTPUT

O

10091402
Order Number
LM2676T-3.3, LM2676T-5.0,

LM2676T-12 or LM2676T-ADJ
See NSC Package Number TA07B

Top View
d KD {14
w |2 {13
Vi [3] {12
CB |} DAP* 11
* |5 {10
« |8 P9
FB | 7.} {8

*No Connections

** Connect to Pin 9 on PCB

LLP-14

V.

sw
VSW

SW

*

*

GND

ON/OFF

10091441

See NS package Number SRC14A

Ordering Information for LLP Package

Output Voltage Order Information Package Marking Supplied As
12 LM2676SD-12 S0003LB 250 Units on Tape and Reel
12 LM2676SDX-12 S0003LB 2500 Units on Tape and Reel
3.3 LM2676SD-3.3 S0003NB 250 Units on Tape and Reel
3.3 LM2676SDX-3.3 S0003NB 2500 Units on Tape and Reel
5.0 LM2676SD-5.0 S0003PB 250 Units on Tape and Reel
5.0 LM2676SDX-5.0 S0003PB 2500 Units on Tape and Reel
ADJ LM2676SD-ADJ S0003RB 250 Units on Tape and Reel
ADJ LM2676SDX-ADJ S0003RB 2500 Units on Tape and Reel
www.ti.com 2




Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the Texas Instruments Sales Office/
Distributors for availability and specifications.

ESD (Note 2)

Storage Temperature Range

Soldering Temperature

Wave

Input Supply Voltage 45V
ON/OFF Pin Voltage -0.1V to 6V
Switch Voltage to Ground (Note 12) -1Vto Vi
Boost Pin Voltage Vgw + 8V
Feedback Pin Voltage -0.3V to 14V

Power Dissipation

Electrical Characteristics

Internally Limited

Infrared
Vapor Phase

Operating Ratings

Supply Voltage

Junction Temperature Range (T)

of operation, —40°C to 125°C. Specifications appearing in normal type apply for T, = T; = 25°C.

2kV
-65°C to 150°C

4 sec, 260°C

10 sec, 240°C
75 sec, 219°C

8V to 40V
-40°C to 125°C

Limits appearing in bold type face apply over the entire junction temperature range

LM2676-3.3
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vour Output Voltage V\y =8V to 40V, 100mA < |57 < 3A 3.3 3.234/3.201 | 3.366/3.399 \Y
n Efficiency Vin=12V, | gap = 3A 86 %
LM2676-5.0
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vour Output Voltage V|y =8V to 40V, 100mA < |57 < 3A 5.0 4.900/4.850 | 5.100/5.150 \Y
n Efficiency Vin=12V, | gap = 3A 88 %
LM2676-12
Symbol Parameter Conditions Typical Min Max Units
(Note 3) (Note 4) (Note 4)
Vour Output Voltage Viy = 15V to 40V, 100mA < I r < 3A 12 11.76/11.64 | 12.24/12.36 \
n Efficiency Vin =24V, | gap = 3A 94 %
LM2676-ADJ
Symbol Parameter Conditions Typ Min Max Units
(Note 3) (Note 4) (Note 4)
\ Feedback Voltage = < <
FB 98 |Vin =8V 10 40V, 100mA = g7 = 3A 121 | 1.186/1.174 | 12341246 | V
Voyur Programmed for 5V
n Efficiency Vin=12V, | gap = 3A 88 %
3 www.ti.com
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LM2676

All Output Voltage Versions
Electrical Characteristics

Limits appearing in bold type face apply over the entire junction temperature range of operation, —40°C to 125°C.

Specifications appearing in normal type apply for T, = T = 25°C. Unless otherwise specified V| =12V for the 3.3V, 5V and Ad-
justable versions and V=24V for the 12V version.

(Note 11)

Symbol Parameter Conditions Typ Min Max Units
DEVICE PARAMETERS
lq Quiescent Current |Vegepgack = 8Y 42 6 mA
For 3.3V, 5.0V, and ADJ Versions
Veeepeack = 15V
For 12V Versions
IsTtRY Standby Quiescent| ON/OFF Pin = 0V 50 100/150 uA
Current
loL Current Limit 4.5 3.8/3.6 5.25/5.4 A
I Output Leakage |V =40V, ON/OFF Pin = 0V
Current Vewiten = OV 200 WA
Vswiten = -1V 16 15 mA
Rpsony | Switch On- lswitcy = 3A 0.15 0.17/0.29 Q
Resistance
fo Oscillator Measured at Switch Pin 260 225 280 kHz
Frequency
D Duty Cycle Maximum Duty Cycle 91 %
Minimum Duty Cycle 0 %
lzias Feedback Bias Veeepeack = 1.3V 85 nA
Current ADJ Version Only
V ON/OFF
omerr Threshold Voltage 1.4 08 2.0 v
lonore | ON/OFF Input ON/OFF Input = OV 20 45 uA
Current
04 Thermal T Package, Junction to Ambient 65
Resistance (Note 5)
0)a T Package, Junction to Ambient 45
(Note 6)
8,c T Package, Junction to Case 2
0)a S Package, Junction to Ambient 56 °C/W
(Note 7)
0)a S Package, Junction to Ambient 35
(Note 8)
N S Package, Junction to Ambient 26
(Note 9)
8¢ S Package, Junction to Case 2 ++
0)a SD Package, Junction to Ambient 55
(Note 10) . . C/W
04 SD Package, Junction to Ambient 29

www.ti.com




Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings indicate conditions under which of the device
is guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits and associated test condition, see the electrical
Characteristics tables.

Note 2: ESD was applied using the human-body model, a 100pF capacitor discharged through a 1.5 kQ resistor into each pin.

Note 3: Typical values are determined with T, = T, = 25°C and represent the most likely norm.

Note 4: All limits are guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100%
tested during production with T, = T, = 25°C. All limits at temperature extremes are guaranteed via correlation using standard standard Quality Control (SQC)
methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Note 5: Junction to ambient thermal resistance (no external heat sink) for the 7 lead TO-220 package mounted vertically, with %2 inch leads in a socket, or on a
PC board with minimum copper area.

Note 6: Junction to ambient thermal resistance (no external heat sink) for the 7 lead TO-220 package mounted vertically, with %2 inch leads soldered to a PC
board containing approximately 4 square inches of (1 0z.) copper area surrounding the leads.

Note 7: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board area of 0.136 square inches (the same size as
the TO-263 package) of 1 oz. (0.0014 in. thick) copper.

Note 8: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board area of 0.4896 square inches (3.6 times the area
of the TO-263 package) of 1 0z. (0.0014 in. thick) copper.

Note 9: Junction to ambient thermal resistance for the 7 lead TO-263 mounted horizontally against a PC board copper area of 1.0064 square inches (7.4 times
the area of the TO-263 package) of 1 0z. (0.0014 in. thick) copper. Additional copper area will reduce thermal resistance further. See the thermal model in Switchers
Made Simple® software.

Note 10: Junction to ambient thermal resistance for the 14-lead LLP mounted on a PC board copper area equal to the die attach paddle.

Note 11: Junction to ambient thermal resistance for the 14-lead LLP mounted on a PC board copper area using 12 vias to a second layer of copper equal to die
attach paddle. Additional copper area will reduce thermal resistance further. For layout recommendations, refer to Application Note AN-1187.

Note 12: The absolute maximum specification of the 'Switch Voltage to Ground' applies to DC voltage. An extended negative voltage limit of -8V applies to a
pulse of up to 20 ns, -6V of 60 ns and -3V of up to 100 ns.

5 www.ti.com
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LM2676

OUTPUT VOLTAGE CHANGE (%)

EFFICIENCY (%)

CURRENT (A)

-1.5

Typical Performance Characteristics

Normalized
Output Voltage

T T
iy = 20V
Normalized at

T,=25°C

-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
10091409

Efficiency vs Input Voltage

100

95

90

85

80

75

70

~
o

3.5

3

T T
IL=3A

"----..__..

12y |

—
5V [ ——
I

[
I
3.3V N~

5 10 15 20 25 30 35 40

INPUT VOLTAGE (V)
10091411

Switch Current Limit

-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
10091404

OUTPUT VOLTAGE CHANGE (%)

EFFICIENCY (%)

SUPPLY CIRRENT (mA)

0.4

0.3

0.2

0.1

100

95

90

85

80

75

70

Line Regulation

Voyt =5V

I =100 mA 1
T, =25°C

—-——"‘——-

5 10 15 20 25 30 35 40

INPUT VOLTAGE (V)
10091410

Efficiency vs I gap

| T
12v Vin = 20V
5v
3.3V
e ——
1 1.5 2 2.5 3

LOAD CURRENT (A)
10091412

Operating Quiescent Current

5.5

4.5

3.5

2.5

Vi = 20V

=50 =25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

10091405
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CURRENT (pA) CURRENT (pA)

FEEDBACK BIAS CURRENT (nA)

Standby Quiescent Current

100 T
Von /oF = OV
80
60 /
//
w0 7
ﬁ/TJ=125°cJ
— 950 4
% Tz 250
T) = -40°C —
||

0
0 5 10 15 20 25 30 35 40
SUPPLY VOLTAGE (V)

10091440

ON/OFF Pin Current (Sourcing)
30

25 \/ - Io
_E¥\\[—TJ——4O c

—~ N
/

L1 = 13s0c

I T _T
-T,=259C Viy =12V

g
(=3

w

(=3

0 05 1 15 2 25 3 35 4
ON/OFF PIN VOLTAGE (V)

10091414

Feedback Pin Bias Current
120

(=)
o

S~
N~
\\‘

ADJUSTABLE VERSION ONLY\\

/

> o
o o

N
o

0
-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
10091416

VOLTAGE (V)

FREQUENCY (Hz)

ON/OFF Threshold Voltage
2.0

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0
=50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

10091413

Switching Frequency
270

260 —

—

250

240

230

220

210

200
-50-25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

10091415
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LM2676

Continuous Mode Switching Waveforms
Vin =20V, Vour =5V, I gpp = 3A
L = 33 pH, Cqyr = 200 pF, Coy7ESR = 26 mQ

20V
A tay
ov
3A .. . V.
B 7~ T T~
2A
1A
C ov AN AN /
L7 N~ Tt~
1 usec/Div

10091417
A: Vg Pin Voltage, 10 V/div.
B: Inductor Current, 1 A/div
C: Output Ripple Voltage, 20 mV/div AC-Coupled

Horizontal Time Base: 1 ps/div

Vjy = 20V, Vg r = 5V
L = 33 pH, Coyy = 200 WF, CoyrESR = 26 mQ

Lok |
3A
2A
B 1A
0A
100 usec/Div

10091419
A: Output Voltage, 100 mV//div, AC-Coupled.
B: Load Current: 500 mA to 3A Load Pulse

Horizontal Time Base: 100 ps/div

Typical Performance Characteristics

Load Transient Response for Continuous Mode

Discontinuous Mode Switching Waveforms
Vin =20V, Voyr =5V, | gap = 500 mA
L =10 pH, Cyyr =400 pF, Coy,7rESR = 13 mQ

20V

Atov

ov

1A l\g\\ l\;\\

B

0A /

C ov LN SN LA
L/ N~/ N~

1 psec/Div
10091418
A: Vg, Pin Voltage, 10 V/div.
B: Inductor Current, 1 A/div
C: Output Ripple Voltage, 20 mV/div AC-Coupled

Horizontal Time Base: 1 ps//iv

Load Transient Response for Discontinuous Mode
Vin =20V, Vo =5V,
L =10 pH, Coyr =400 uF, CoyrESR =13 mQ

3A

2A

1A

ov

200 psec/Div
10091420
A: Output Voltage, 100 mV/div, AC-Coupled.
B: Load Current: 200 mA to 3A Load Pulse

Horizontal Time Base: 200 us/div
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Block Diagram

Vi
1
L
®
Gain Bias 1.21v 5V Internal Start | I py=r=
Compensation N Generator Reference Regulator Up - L] ON/OFF
v v ! A
Bias 1.21V 5V Enable
VRamp Freg. Shift
3.9y | 2s0kHz | TS9 Current <k
: Oscillator Limit 3 TSENSE
0.6V — —¢
Thermal
Shutdown
FEEDBACK [ —
r
R2 S =L CaoorsTrae
3.3V, R2=4.32k Switch
5V, R2=7.83k
12V, R2=122.3k YV V \
ADJ, R2=00 4
R1 is OPEN Control Driver ":_ }L_
R1 < Logic D
< PWM
= 2.5k
Qg Comparator
[
r
L1 Vswiren
Enable
[
21v
J
GND
10091406
* Active Inductor Patent Number 5,514,947
1 Active Capacitor Patent Number 5,382,918
9 www.ti.com
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LM2676

Application Hints

The LM2676 provides all of the active functions required for
a step-down (buck) switching regulator. The internal power
switch is a DMOS power MOSFET to provide power supply
designs with high current capability, up to 3A, and highly ef-
ficient operation.

The LM2676 is part of the SIMPLE SWITCHER family of
power converters. A complete design uses a minimum num-
ber of external components, which have been pre-determined
from a variety of manufacturers. Using either this data sheet
or a design software program called LM267X Made Simple
(version 2.0) a complete switching power supply can be de-
signed quickly. The software is provided free of charge and
can be downloaded from National Semiconductor's Internet
site located at http://www.national.com.

SWITCH OUTPUT

This is the output of a power MOSFET switch connected di-
rectly to the input voltage. The switch provides energy to an
inductor, an output capacitor and the load circuitry under con-
trol of an internal pulse-width-modulator (PWM). The PWM
controller is internally clocked by a fixed 260KHz oscillator. In
a standard step-down application the duty cycle (Time ON/
Time OFF) of the power switch is proportional to the ratio of
the power supply output voltage to the input voltage. The volt-
age on pin 1 switches between Vin (switch ON) and below
ground by the voltage drop of the external Schottky diode
(switch OFF).

INPUT

The input voltage for the power supply is connected to pin 2.
In addition to providing energy to the load the input voltage
also provides bias for the internal circuitry of the LM2676. For
guaranteed performance the input voltage must be in the
range of 8V to 40V. For best performance of the power supply
the input pin should always be bypassed with an input ca-
pacitor located close to pin 2.

C BOOST

A capacitor must be connected from pin 3 to the switch output,
pin 1. This capacitor boosts the gate drive to the internal

DESIGN CONSIDERATIONS

MOSFET above Vin to fully turn it ON. This minimizes con-
duction losses in the power switch to maintain high efficiency.
The recommended value for C Boost is 0.01pF.

GROUND

This is the ground reference connection for all components in
the power supply. In fast-switching, high-current applications
such as those implemented with the LM2676, it is recom-
mended that a broad ground plane be used to minimize signal
coupling throughout the circuit

FEEDBACK

This is the input to a two-stage high gain amplifier, which
drives the PWM controller. It is necessary to connect pin 6 to
the actual output of the power supply to set the dc output volt-
age. For the fixed output devices (3.3V, 5V and 12V outputs),
a direct wire connection to the output is all that is required as
internal gain setting resistors are provided inside the LM2676.
For the adjustable output version two external resistors are
required to set the dc output voltage. For stable operation of
the power supply it is important to prevent coupling of any
inductor flux to the feedback input.

ON/OFF

This input provides an electrical ON/OFF control of the power
supply. Connecting this pin to ground or to any voltage less
than 0.8V will completely turn OFF the regulator. The current
drain from the input supply when OFF is only 50pA. Pin 7 has
an internal pull-up current source of approximately 20pA and
a protection clamp zener diode of 7V to ground. When elec-
trically driving the ON/OFF pin the high voltage level for the
ON condition should not exceed the 6V absolute maximum
limit. When ON/OFF control is not required pin 7 should be
left open circuited.

DAP (LLP PACKAGE)

The Die Attach Pad (DAP) can and should be connected to
PCB Ground plane/island. For CAD and assembly guidelines
refer to Applicaton Note AN-1187 at hitp:/
power.national.com.

Cs
I
FEEDBACK Cg Keep Feedback Wiring Away
|« From Inductor Flux
+ iy LM2676 OUTPUT L Regulated Output
fixed output
Unregulated -
DC Input N GND ON/OFF

CN

D1

Heavy Lines Must Be Kept Short And Use
Ground Plane Construction For Best Results

10091407

FIGURE 1. Basic circuit for fixed output voltage applications.
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Locate the Programming Resistors near
the Feedback Pin Using Short Leads

R1 R2
——AW——— AW
Cq
|1
FEEDBACK Cg " Keep Feedback Wiring Away
| .— From Inductor Flux
L
. VN LM2676 OUTPUT Regulated Output
adjustable
Unregulated prl
DC Input N GND ON/OFF
—[ G D1
- o
Heavy Lines Must Be Kept Short And Use

Ground Plane Construction For Best Results

10091408

FIGURE 2. Basic circuit for adjustable output voltage applications

Power supply design using the LM2676 is greatly simplified
by using recommended external components. A wide range
of inductors, capacitors and Schottky diodes from several
manufacturers have been evaluated for use in designs that
cover the full range of capabilities (input voltage, output volt-
age and load current) of the LM2676. A simple design proce-
dure using nomographs and component tables provided in
this data sheet leads to a working design with very little effort.
Alternatively, the design software, LM267X Made Simple
(version 6.0), can also be used to provide instant component
selection, circuit performance calculations for evaluation, a
bill of materials component list and a circuit schematic.
INDUCTOR

The inductor is the key component in a switching regulator.
For efficiency the inductor stores energy during the switch ON
time and then transfers energy to the load while the switch is
OFF.

Nomographs are used to select the inductance value required
for a given set of operating conditions. The nomographs as-
sume that the circuit is operating in continuous mode (the
current flowing through the inductor never falls to zero). The
magnitude of inductance is selected to maintain a maximum
ripple current of 30% of the maximum load current. If the ripple
current exceeds this 30% limit the next larger value is select-
ed.

The inductors offered have been specifically manufactured to
provide proper operation under all operating conditions of in-
put and output voltage and load current. Several part types
are offered for a given amount of inductance. Both surface
mount and through-hole devices are available. The inductors
from each of the three manufacturers have unique character-
istics.

Renco: ferrite stick core inductors; benefits are typically low-
est cost and can withstand ripple and transient peak currents
above the rated value. These inductors have an external
magnetic field, which may generate EMI.

Pulse Engineering: powdered iron toroid core inductors;
these also can withstand higher than rated currents and, be-
ing toroid inductors, will have low EMI.

Coilcraft: ferrite drum core inductors; these are the smallest
physical size inductors and are available only as surface
mount components. These inductors also generate EMI but
less than stick inductors.

The individual components from the various manufacturers
called out for use are still just a small sample of the vast array
of components available in the industry. While these compo-
nents are recommended, they are not exclusively the only
components for use in a design. After a close comparison of
component specifications, equivalent devices from other
manufacturers could be substituted for use in an application.

Important considerations for each external component and an
explanation of how the nomographs and selection tables were
developed follows.

OUTPUT CAPACITOR

The output capacitor acts to smooth the dc output voltage and
also provides energy storage. Selection of an output capaci-
tor, with an associated equivalent series resistance (ESR),
impacts both the amount of output ripple voltage and stability
of the control loop.

The output ripple voltage of the power supply is the product
of the capacitor ESR and the inductor ripple current. The ca-
pacitor types recommended in the tables were selected for
having low ESR ratings.

In addition, both surface mount tantalum capacitors and
through-hole aluminum electrolytic capacitors are offered as
solutions.

Impacting frequency stability of the overall control loop, the
output capacitance, in conjunction with the inductor, creates
a double pole inside the feedback loop. In addition the ca-
pacitance and the ESR value create a zero. These frequency
response effects together with the internal frequency com-
pensation circuitry of the LM2676 modify the gain and phase
shift of the closed loop system.

As a general rule for stable switching regulator circuits it is
desired to have the unity gain bandwidth of the circuit to be
limited to no more than one-sixth of the controller switching
frequency. With the fixed 260KHz switching frequency of the
LM2676, the output capacitor is selected to provide a unity
gain bandwidth of 40KHz maximum. Each recommended ca-
pacitor value has been chosen to achieve this result.

In some cases multiple capacitors are required either to re-
duce the ESR of the output capacitor, to minimize output
ripple (a ripple voltage of 1% of Vout or less is the assumed
performance condition), or to increase the output capacitance
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to reduce the closed loop unity gain bandwidth (to less than
40KHz). When parallel combinations of capacitors are re-
quired it has been assumed that each capacitor is the exact
same part type.

The RMS current and working voltage (WV) ratings of the
output capacitor are also important considerations. In a typi-
cal step-down switching regulator, the inductor ripple current
(set to be no more than 30% of the maximum load current by
the inductor selection) is the current that flows through the
output capacitor. The capacitor RMS current rating must be
greater than this ripple current. The voltage rating of the out-
put capacitor should be greater than 1.3 times the maximum
output voltage of the power supply. If operation of the system
at elevated temperatures is required, the capacitor voltage
rating may be de-rated to less than the nominal room tem-
perature rating. Careful inspection of the manufacturer's
specification for de-rating of working voltage with temperature
is important.

INPUT CAPACITOR

Fast changing currents in high current switching regulators
place a significant dynamic load on the unregulated power
source. An input capacitor helps to provide additional current
to the power supply as well as smooth out input voltage vari-
ations.

Like the output capacitor, the key specifications for the input
capacitor are RMS current rating and working voltage. The
RMS current flowing through the input capacitor is equal to
one-half of the maximum dc load current so the capacitor
should be rated to handle this. Paralleling multiple capacitors
proportionally increases the current rating of the total capac-
itance. The voltage rating should also be selected to be 1.3
times the maximum input voltage. Depending on the unregu-
lated input power source, under light load conditions the
maximum input voltage could be significantly higher than nor-
mal operation and should be considered when selecting an
input capacitor.

The input capacitor should be placed very close to the input
pin of the LM2676. Due to relative high current operation with
fast transient changes, the series inductance of input con-
necting wires or PCB traces can create ringing signals at the
input terminal which could possibly propagate to the output or
other parts of the circuitry. It may be necessary in some de-
signs to add a small valued (0.1pF to 0.47uF) ceramic type
capacitor in parallel with the input capacitor to prevent or min-
imize any ringing.

CATCH DIODE

When the power switch in the LM2676 turns OFF, the current
through the inductor continues to flow. The path for this cur-
rentis through the diode connected between the switch output
and ground. This forward biased diode clamps the switch out-
put to a voltage less than ground. This negative voltage must
be greater than -1V so a low voltage drop (particularly at high
current levels) Schottky diode is recommended. Total effi-
ciency of the entire power supply is significantly impacted by
the power lost in the output catch diode. The average current
through the catch diode is dependent on the switch duty cycle
(D) and is equal to the load current times (1-D). Use of a diode
rated for much higher current than is required by the actual
application helps to minimize the voltage drop and power loss
in the diode.

During the switch ON time the diode will be reversed biased
by the input voltage. The reverse voltage rating of the diode
should be at least 1.3 times greater than the maximum input
voltage.

BOOST CAPACITOR

The boost capacitor creates a voltage used to overdrive the
gate of the internal power MOSFET. This improves efficiency
by minimizing the on resistance of the switch and associated
power loss. For all applications it is recommended to use a
0.01uF/50V ceramic capacitor.

ADDITIONAL APPLICATON INFORMATION

When the output voltage is greater than approximately 6V,
and the duty cycle at minimum input voltage is greater than
approximately 50%, the designer should exercise caution in
selection of the output filter components. When an application
designed to these specific operating conditions is subjected
to a current limit fault condition, it may be possible to observe
a large hysteresis in the current limit. This can affect the out-
put voltage of the device until the load current is reduced
sufficiently to allow the current limit protection circuit to reset
itself.
Under current limiting conditions, the LM267x is designed to
respond in the following manner:
1. At the moment when the inductor current reaches the
current limit threshold, the ON-pulse is immediately
terminated. This happens for any application condition.

2. However, the current limit block is also designed to
momentarily reduce the duty cycle to below 50% to avoid
subharmonic oscillations, which could cause the inductor
to saturate.

3. Thereafter, once the inductor current falls below the
current limit threshold, there is a small relaxation time
during which the duty cycle progressively rises back
above 50% to the value required to achieve regulation.

If the output capacitance is sufficiently ‘large’, it may be pos-
sible that as the output tries to recover, the output capacitor
charging current is large enough to repeatedly re-trigger the
current limit circuit before the output has fully settled. This
condition is exacerbated with higher output voltage settings
because the energy requirement of the output capacitor
varies as the square of the output voltage (2CV2), thus re-
quiring an increased charging current.

A simple test to determine if this condition might exist for a

suspect application is to apply a short circuit across the output

of the converter, and then remove the shorted output condi-
tion. In an application with properly selected external compo-
nents, the output will recover smoothly.

Practical values of external components that have been ex-
perimentally found to work well under these specific operating
conditions are Cq;r = 47uF, L = 22uH. It should be noted that
even with these components, for a device’s current limit of
Icmy the maximum load current under which the possibility of
the large current limit hysteresis can be minimized is I /2.
For example, if the input is 24V and the set output voltage is
18V, then for a desired maximum current of 1.5A, the current
limit of the chosen switcher must be confirmed to be at least
3A.

Under extreme over-current or short circuit conditions, the
LM267X employs frequency foldback in addition to the current
limit. If the cycle-by-cycle inductor current increases above
the current limit threshold (due to short circuit or inductor sat-
uration for example) the switching frequency will be automat-
ically reduced to protect the IC. Frequency below 100 KHz is
typical for an extreme short circuit condition.

SIMPLE DESIGN PROCEDURE

Using the nomographs and tables in this data sheet (or use
the available design software at http://www.national.com) a
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complete step-down regulator can be designed in a few sim-
ple steps.

Step 1: Define the power supply operating conditions:
Required output voltage

Maximum DC input voltage

Maximum output load current

Step 2: Set the output voltage by selecting a fixed output
LM2676 (3.3V, 5V or 12V applications) or determine the re-
quired feedback resistors for use with the adjustable LM2676
-ADJ

Step 3: Determine the inductor required by using one of the
four nomographs, Figure 3through Figure 6. Table 1 provides
a specific manufacturer and part number for the inductor.
Step 4: Using Table 3 (fixed output voltage) or Table 6 (ad-
justable output voltage), determine the output capacitance
required for stable operation. Table 2 provides the specific
capacitor type from the manufacturer of choice.

Step 5: Determine an input capacitor from Table 4 for fixed
output voltage applications. Use Table 2 to find the specific
capacitor type. For adjustable output circuits select a capac-
itor from Table 2 with a sufficient working voltage (WV) rating
greater than Vin max, and an rms current rating greater than
one-half the maximum load current (2 or more capacitors in
parallel may be required).

Step 6: Select a diode from Table 5. The current rating of the
diode must be greater than | load max and the Reverse Volt-
age rating must be greater than Vin max.

Step 7: Include a 0.01pF/50V capacitor for Cboost in the de-
sign.

FIXED OUTPUT VOLTAGE DESIGN EXAMPLE

A system logic power supply bus of 3.3V is to be generated
from a wall adapter which provides an unregulated DC volt-
age of 13V to 16V. The maximum load current is 2.5A.
Through-hole components are preferred.

Step 1: Operating conditions are:

Vout = 3.3V

Vin max = 16V

lload max = 2.5A

Step 2: Select an LM2676T-3.3. The output voltage will have
a tolerance of

+2% at room temperature and +3% over the full operating
temperature range.

Step 3: Use the nomograph for the 3.3V device , Figure 3. The
intersection of the 16V horizontal line (V,, max) and the 2.5A
vertical line (l,,,4 max) indicates that L33, a 22uH inductor, is
required.

From Table 1, L33 in a through-hole component is available
from Renco with part number RL-1283-22-43 or part number
PE-53933 from Pulse Engineering.

Step 4: Use Table 3 to determine an output capacitor. With a
3.3V output and a 22pH inductor there are four through-hole
output capacitor solutions with the number of same type ca-
pacitors to be paralleled and an identifying capacitor code
given. Table 2 provides the actual capacitor characteristics.
Any of the following choices will work in the circuit:

1 x 220pF/10V Sanyo OS-CON (code C5)

1 x 1000pF/35V Sanyo MV-GX (code C10)

1 x 2200pF/10V Nichicon PL (code C5)

1 x 1000pF/35V Panasonic HFQ (code C7)

Step 5: Use Table 4 to select an input capacitor. With 3.3V
output and 22uH there are three through-hole solutions.

These capacitors provide a sufficient voltage rating and an
rms current rating greater than 1.25A (1/2 |,,,4 max). Again
using Table 2 for specific component characteristics the fol-
lowing choices are suitable:

1 x 1000pF/63V Sanyo MV-GX (code C14)
1 x 820uF/63V Nichicon PL (code C24)
1 x 560uF/50V Panasonic HFQ (code C13)

Step 6: From Table 5 a 3A Schottky diode must be selected.
For through-hole components 20V rated diodes are sufficient
and 2 part types are suitable:

1N5820
SR302
Step 7: A 0.01uF capacitor will be used for Cboost.

ADJUSTABLE OUTPUT DESIGN EXAMPLE

In this example it is desired to convert the voltage from a two
battery automotive power supply (voltage range of 20V to
28V, typical in large truck applications) to the 14.8VDC alter-
nator supply typically used to power electronic equipment
from single battery 12V vehicle systems. The load current re-
quired is 2A maximum. It is also desired to implement the
power supply with all surface mount components.

Step 1: Operating conditions are:

Vout = 14.8V

Vin max = 28V

lload max = 2A

Step 2: Select an LM2676S-ADJ. To set the output voltage
to 14.9V two resistors need to be chosen (R1 and R2 in Figure
2). For the adjustable device the output voltage is set by the
following relationship:

Ry
Vour = Vra (1 TR

Where Vg is the feedback voltage of typically 1.21V.

A recommended value to use for R1 is 1K. In this example
then R2 is determined to be:

Vv

ouT
R=R( —1):1k0
2771\ Vg

R2 = 11.23KQ
The closest standard 1% tolerance value to use is 11.3KQ

This will set the nominal output voltage to 14.88V which is
within 0.5% of the target value.

Step 3: To use the nomograph for the adjustable device, Fig-
ure 6, requires a calculation of the inductor Voltemicrosecond
constant (EsT expressed in VeuS) from the following formula:

14.8V
1.21V

Vour * Vp 1000
E-T=(Vinmax) ~ Your ~ Vsar) * Vi (V- ps)

(Max) = Vsar*Vp 260

where Vg,r is the voltage drop across the internal power
switch which is Ry times |j,,4. In this example this would
be typically 0.15Q x 2A or 0.3V and V; is the voltage drop
across the forward bisased Schottky diode, typically 0.5V.
The switching frequency of 260KHz is the nominal value to
use to estimate the ON time of the switch during which energy
is stored in the inductor.

For this example E°T is found to be:
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14.8+0.5 1000 (V- us)

E.-T=(28- 14'8_0'3)'—28—0‘3+0.5 * 760

E-T=(12.9V). % . 3.85(V- ps) = 26.9 (V- ps)

Using Figure 6, the intersection of 27VeuS horizontally and
the 2A vertical line (I,,,4 Max) indicates that L38 , a 68uH in-
ductor, should be used.

From Table 1, L38 in a surface mount component is available

from Pulse Engineering with part number PE-54038S.

Step 4: Use Table 6 to determine an output capacitor. With a
14.8V output the 12.5 to 15V row is used and with a 68uH
inductor there are three surface mount output capacitor solu-
tions. Table 2 provides the actual capacitor characteristics
based on the C Code number. Any of the following choices
can be used:

1 x 33uF/20V AVX TPS (code C6)

1 x 47pF/20V Sprague 594 (code C8)

1 x 47uF/20V Kemet T495 (code C8)

Important Note: When using the adjustable device in low
voltage applications (less than 3V output), if the nomograph,
Figure 6, selects an inductance of 22uH or less, Table 6 does
not provide an output capacitor solution. With these condi-
tions the number of output capacitors required for stable

operation becomes impractical. It is recommended to use ei-
ther a 33uH or 47uH inductor and the output capacitors from
Table 6.

Step 5: An input capacitor for this example will require at least
a 35V WV rating with an rms current rating of 1A (1/2 lout
max). From Table 2 it can be seen that C12, a 33uF/35V ca-
pacitor from Sprague, has the required voltage/current rating
of the surface mount components.

Step 6: From Table 5 a 3A Schottky diode must be selected.
For surface mount diodes with a margin of safety on the volt-
age rating one of five diodes can be used:

SK34

30BQ040

30WQO04F

MBRS340

MBRD340

Step 7: A 0.01pF capacitor will be used for Cboost.

LLP PACKAGE DEVICES

The LM2676 is offered in the 14 lead LLP surface mount
package to allow for a significantly decreased footprint with
equivalent power dissipation compared to the TO-263. For
details on mounting and soldering specifications, refer to Ap-
plication Note AN-1187.
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Inductor Selection Guides

For Continuous Mode Operation
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Table 1. Inductor Manufacturer Part Numbers

Inductor Renco Pulse Engineering Coilcraft
Reference Inductance | Current Through Hole Surface Through Surface Surface Mount
Number (HH) (A) Mount Hole Mount
L23 33 1.35 RL-5471-7 RL1500-33 |PE-53823 |PE-53823S |D0O3316-333
L24 22 1.65 RL-1283-22-43 [ RL1500-22 |PE-53824 |PE-53824S |D03316-223
L25 15 2.00 RL-1283-15-43 [ RL1500-15 |PE-53825 |PE-53825S |D0O3316-153
L29 100 1.41 RL-5471-4 RL-6050-100 | PE-53829 |PE-53829S [DO5022P-104
L30 68 1.71 RL-5471-5 RL6050-68 [PE-53830 |PE-53830S |DO5022P-683
L31 47 2.06 RL-5471-6 RL6050-47 |PE-53831 |[PE-53831S |DO5022P-473
L32 33 2.46 RL-5471-7 RL6050-33 |PE-53932 |[PE-53932S |DO5022P-333
L33 22 3.02 RL-1283-22-43 [ RL6050-22 |PE-53933 |PE-53933S |D0O5022P-223
L34 15 3.65 RL-1283-15-43 — PE-53934 |PE-53934S |DO5022P-153
L38 68 297 RL-5472-2 — PE-54038 |PE-54038S —
L39 47 3.57 RL-5472-3 — PE-54039 |PE-54039S —
L40 33 4.26 RL-1283-33-43 — PE-54040 |PE-54040S —
L41 22 5.22 RL-1283-22-43 — PE-54041 |P0841 —
L44 68 3.45 RL-5473-3 — PE-54044 — —
L45 10 4.47 | RL-1283-10-43 — — P0845 DO5022P-103HC
Inductor Manufacturer Contact Numbers
Coilcraft Phone [(800) 322-2645
FAX (708) 639-1469
Coilcraft, Europe Phone |[+44 1236 730 595
FAX +44 1236 730 627
Pulse Engineering Phone |[(619) 674-8100
FAX (619) 674-8262
Pulse Engineering, Phone |[+353 93 24 107
Europe FAX +353 93 24 459
Renco Electronics Phone [(800) 645-5828
FAX (516) 586-5562
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Capacitor Selection Guides

Table 2. Input and Output Capacitor Codes

. Surface Mount
::fpe ar:::; AVX TPS Series Sprague 594D Series Kemet T495 Series
Code C(F) WV() Irms |C(uF) WV(V) Irms | C(uF) WV (V) Irms
(A) (A) (A)
C1 330 6.3 1.15 120 6.3 1.1 100 6.3 0.82
Cc2 100 10 1.1 220 6.3 1.4 220 6.3 1.1
C3 220 10 1.15 68 10 1.05 330 6.3 1.1
C4 47 16 0.89 150 10 1.35 100 10 1.1
C5 100 16 1.15 47 16 1 150 10 1.1
cé6 33 20 0.77 100 16 1.3 220 10 1.1
c7 68 20 0.94 180 16 1.95 33 20 0.78
C8 22 25 0.77 47 20 1.15 47 20 0.94
Cc9 10 35 0.63 33 25 1.05 68 20 0.94
C10 22 35 0.66 68 25 1.6 10 35 0.63
C11 15 35 0.75 22 35 0.63
C12 33 35 1 4.7 50 0.66
C13 15 50 0.9

Input and Output Capacitor Codes (continued)

. Through Hole
Fci::f‘:e ?::g; Sanyo OS-CON SA Series| Sanyo MV-GX Series Nichicon PL Series Panasonic HFQ Series
Code C(F) WV(() Irms |C(uF) WV (V) Irms |C(uF) WV (V) Irms | C(uF) WV (V) Irms

(A) (A) (A) (A)

C1 47 6.3 1 1000 6.3 0.8 680 10 0.8 82 35 0.4

Cc2 150 6.3 1.95 270 16 0.6 820 10 0.98 120 35 0.44

C3 330 6.3 2.45 470 16 0.75 1000 10 1.06 220 35 0.76

C4 100 10 1.87 560 16 0.95 1200 10 1.28 330 35 1.01

C5 220 10 2.36 820 16 1.25 2200 10 1.71 560 35 1.4

C6 33 16 0.96 1000 16 1.3 3300 10 2.18 820 35 1.62

c7 100 16 1.92 150 35 0.65 3900 10 2.36 1000 35 1.73

C8 150 16 2.28 470 35 1.3 6800 10 2.68 2200 35 2.8

C9 100 20 2.25 680 35 1.4 180 16 0.41 56 50 0.36

C10 47 25 2.09 1000 35 1.7 270 16 0.55 100 50 0.5

Ci1 220 63 0.76 470 16 0.77 220 50 0.92

C12 470 63 1.2 680 16 1.02 470 50 1.44

C13 680 63 1.5 820 16 1.22 560 50 1.68

C14 1000 63 1.75 1800 16 1.88 1200 50 2.22

C15 220 25 0.63 330 63 1.42

C16 220 35 0.79 1500 63 2.51

C17 560 35 1.43

Cc18 2200 35 2.68

C19 150 50 0.82

C20 220 50 1.04

Cc21 330 50 1.3

C22 100 63 0.75

Cc23 390 63 1.62

C24 820 63 2.22

C25 1200 63 2.51
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Capacitor Manufacturer Contact Numbers

Nichicon Phone (847) 843-7500
FAX (847) 843-2798
Panasonic Phone (714) 373-7857
FAX (714) 373-7102
AVX Phone (845) 448-9411
FAX (845) 448-1943
Sprague/Vishay Phone (207) 324-4140
FAX (207) 324-7223
Sanyo Phone (619) 661-6322
FAX (619) 661-1055
Kemet Phone (864) 963-6300
FAX (864) 963-6521

Table 3. Output Capacitors for Fixed Output Voltage Application

Surface Mount
Output | Inductance AVX TPS Series |Sprague 594D Series| Kemet T495 Series
Voltage (V) (HH)
No. C Code No. C Code No. C Code
10 4 c2 3 C1 4 C4
15 4 c2 3 C1 4 C4
33 22 3 C2 2 074 3 C4
33 2 c2 2 Cc6 2 C4
10 4 Cc2 4 C6 4 C4
15 3 c2 2 c7 3 Cc4
5 22 3 c2 2 c7 3 Cc4
33 2 Cc2 2 C3 2 C4
47 2 c2 1 Cc7 2 C4
10 4 C5 3 Cc6 5 C9
15 3 C5 2 Cc7 4 Cs8
22 2 C5 2 Ccé6 3 C8
12 33 2 C5 1 c7 2 C8
47 2 C4 1 C6 2 C8
68 1 C5 1 C5 2 c7
100 1 C4 1 C5 1 Cs8
Through Hole
Vo?tt:g;)euIV) IndL(l:tHa)nce SanyoSC;?i-eCSON SA Sanyo MV-GX Series | Nichicon PL Series Pana;::;:;HFQ
No. C Code No. C Code No. C Code No. C Code
10 1 C3 1 C10 1 C6 2 cé6
33 15 1 C3 1 C10 1 Cé6 2 C5
22 1 C5 1 Cc10 1 C5 1 Cc7
33 1 c2 1 C10 1 C13 1 C5
10 2 C4 1 C10 1 Ccé6 2 C5
15 1 C5 1 C10 1 C5 1 Ccé6
5 22 1 C5 1 C5 1 C5 1 C5
33 1 C4 1 C5 1 C13 1 C5
47 1 C4 1 C4 1 C13 2 C3
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Through Hole
Vo?t:tg;)euIV) IndL(l:tHe;nce Sanyosc‘):i;CSON SA Sanyo MV-GX Series | Nichicon PL Series Pana;::;:;HFQ
No. C Code No. C Code No. C Code No. C Code

10 2 c7 1 C5 1 C18 2 C5

15 1 Ccs8 1 C5 1 C17 1 C5

22 1 Cc7 1 C5 1 C13 1 C5

12 33 1 Cc7 1 C3 1 C11 1 C4

47 1 Cc7 1 C3 1 C10 1 C3

68 1 Cc7 1 c2 1 C10 1 C3

100 1 Cc7 1 Cc2 1 C9 1 C1

No. represents the number of identical capacitor types to be connected in parallel
C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.

Table 4. Input Capacitors for Fixed Output Voltage Application
(Assumes worst case maximum input voltage and load current for a given inductance value)

Surface Mount
Vo(I)tl:t_:l;eu:V) Indt(::lt-la)nce AVX TPS Series |Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
10 2 C5 1 Cc7 2 Cs8
- 15 3 C9 1 C10 3 C10
22 * * 2 C13 3 ci12
33 * * 2 C13 2 C12
10 2 C5 1 c7 2 C8
15 2 C5 1 c7 2 C8
5 22 3 C10 2 C12 3 C1i1
33 * * 2 C13 3 C12
47 * * 1 C13 2 C12
10 2 Cc7 2 C10 2 Cc7
15 2 Cc7 2 C10 2 Cc7
22 3 Cc10 2 ci12 3 C10
12 33 3 C10 2 C12 3 C10
47 * * 2 C13 3 C12
68 * * 2 C13 2 C12
100 * * 1 C13 2 C12
Through Hole
Vocl)t:tgpeuIV) Indl(j::_la)nce Sanyos(lfi;csON SA Sanyo MV-GX Series | Nichicon PL Series Panass::;;csHFQ
No. C Code No. C Code No. C Code No. C Code
10 1 Cc7 2 C4 1 C5 1 Cc6
4.3 15 1 C10 1 C10 1 C18 1 cé6
22 * * 1 C14 1 C24 1 C13
33 * * 1 C12 1 C20 1 C12
10 1 Cc7 2 C4 1 C14 1 cé6
15 1 Cc7 2 C4 1 Ci14 1 Cé6
5 22 * * 1 C10 1 Cc18 1 C13
33 * * 1 C14 1 Cc23 1 C13
47 * * 1 C12 1 C20 1 C12
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LM2676

Through Hole

Vo?t:tg;)euIV) IndL(l:tHa)nce Sanyosc‘):i;CSON SA Sanyo MV-GX Series | Nichicon PL Series Panass’:rr;:;HFQ
No. C Code No. C Code No. C Code No. C Code

10 1 C9 1 C10 1 C18 1 cé6

15 1 C10 1 C10 1 C18 1 cé6

22 1 C10 1 C10 1 ci8 1 C6

12 33 * * 1 C10 1 C18 1 Ccé6

47 * * 1 C13 1 C23 1 C13

68 * * 1 C12 1 C21 1 C12

100 * * 1 Ci1 1 Cc22 1 Ci1

* Check voltage rating of capacitors to be greater than application input voltage.
No. represents the number of identical capacitor types to be connected in parallel
C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.

Table 5. Schottky Diode Selection Table

Reverse Surface Mount Through Hole
Voltage 3A 5A or More 3A 5A or More
()
20V SK32 1N5820
SR302
30V SK33 MBRD835L 1N5821
30WQO3F 31DQ03
40V SK34 MBRB1545CT 1N5822
30BQ040 6TQ045S MBR340 MBR745
30WQO04F 31DQ04 80SQ045
MBRS340 SR403 6TQ045
MBRD340
50V or SK35 MBR350
More 30WQO5F 31DQ05
SR305

Diode Manufacturer Contact Numbers

International Rectifier |Phone (310) 322-3331
FAX (310) 322-3332
Motorola Phone (800) 521-6274
FAX (602) 244-6609
General Phone (516) 847-3000
Semiconductor
FAX (516) 847-3236
Diodes, Inc. Phone (805) 446-4800
FAX (805) 446-4850

Table 6. Output Capacitors for Adjustable Output Voltage Applications

Output Volt Induct Surface Mount
! pu(v)o age | l(J:Ha;nce AVX TPS Series |Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
33 7 Ci 6 c2 7 C3
1.21 to 2.50
47* 5 C1 4 c2 5 c3
33* 4 C1 3 c2 4 c3
2.5t03.75
47* 3 C1 2 c2 3 c3
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o Vol ind Surface Mount
utpu:v)o tage | In t(J:La)nce AVX TPS Series | Sprague 594D Series| Kemet T495 Series
No. C Code No. C Code No. C Code
22 4 C1 3 c2 4 C3
3.75t05 33 3 C1 2 c2 3 C3
47 2 C1 2 Cc2 2 C3
22 3 c2 3 C3 3 C4
33 2 c2 2 C3 2 C4
510 6.25
47 2 Cc2 2 C3 2 C4
68 1 Cc2 1 C3 1 C4
22 3 c2 1 C4 3 C4
33 2 c2 1 C3 2 C4
6.25t0 7.5
47 1 C3 1 C4 1 C6
68 1 c2 1 C3 1 C4
33 2 C5 1 Cé6 2 (01:]
47 1 C5 1 C6 2 (01:]
7.5t0 10
68 1 C5 1 C6 1 (01:]
100 1 C4 1 C5 1 (01:]
33 1 C5 1 C6 2 (01:]
47 1 C5 1 Cé6 2 (6F:]
10to 12.5
68 1 C5 1 Cé6 1 c8
100 1 C5 1 C6 1 c8
33 1 Cé6 1 (01:] 1 (01:]
47 1 Cé6 1 (07:] 1 (07:]
12.5t0 15
68 1 C6 1 (01:] 1 (01:]
100 1 C6 1 (01:] 1 (01:]
33 1 (01:] 1 Cc10 2 Cc10
47 1 (01:] 1 C9 2 Cc10
15to 20
68 1 cs 1 C9 2 Cc10
100 1 c8 1 C9 1 Cc10
33 2 C9 2 C11 2 C11
47 1 C10 1 c12 1 c11
20 to 30
68 1 C9 1 ci12 1 C11
100 1 C9 1 ci12 1 C11
10 4 C13 8 ci12
15 3 C13 5 ci12
22 No Values Available 2 C13 4 ci12
30 to 37
33 1 C13 3 c12
47 1 C13 2 ci12
68 1 C13 2 Cci12

Output Capacitors for Adjustable Output Voltage Applications (continued)

Through Hole
Output Voltage | Inductance | Sanyo OS.-CON SA Sanyo MV-GX Series | Nichicon PL Series Panasorflc HFQ
(\%)] (HH) Series Series
No. C Code No. C Code No. C Code No. C Code

33* 2 C3 5 C1 5 C3 3 C
1.21 to 2.50

47* 2 c2 4 C1 3 C3 2 C5

33* 1 C3 3 C1 3 C1 2 C5
2.5t03.75

47* 1 Cc2 2 C1 2 C3 1 C5
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LM2676

Through Hole
Output Voltage | Inductance | Sanyo OS.-CON SA Sanyo MV-GX Series | Nichicon PL Series Panasorflc HFQ
) (uH) Series Series
No. C Code No. C Code No. C Code No. C Code
22 1 C3 3 C1 3 C1 2 C5
3.75t0 5 33 1 c2 2 C1 2 C1 1 C5
47 1 Cc2 2 C1 1 C3 1 C5
22 1 C5 2 C6 2 C3 2 C5
33 1 C4 1 C6 2 C1 1 C5
5t06.25
47 1 C4 1 Cc6 1 C3 1 C5
68 1 C4 1 Ccé6 1 C1 1 C5
22 1 C5 1 Cé6 2 C1 1 C5
33 1 C4 1 Cé6 1 C3 1 C5
6.25t0 7.5
47 1 Cc4 1 C6 1 C1 1 C5
68 1 C4 1 c2 1 C1 1 C5
33 1 Cc7 1 C6 1 C14 1 C5
47 1 Cc7 1 C6 1 C14 1 C5
7.5t0 10
68 1 C7 1 Cc2 1 C14 1 Cc2
100 1 c7 1 Cc2 1 C14 1 Cc2
33 1 c7 1 Ccé6 1 C14 1 C5
47 1 Cc7 1 c2 1 C14 1 C5
10to 12.5
68 1 c7 1 c2 1 C9 1 c2
100 1 c7 1 c2 1 C9 1 c2
33 1 C9 1 C10 1 C15 1 Cc2
47 1 C9 1 Cc10 1 C15 1 Cc2
12.5t0 15
68 1 C9 1 C10 1 C15 1 Cc2
100 1 C9 1 C10 1 C15 1 c2
33 1 C10 1 Cc7 1 C15 1 Cc2
47 1 C10 1 c7 1 C15 1 Cc2
15to 20
68 1 C10 1 Cc7 1 C15 1 c2
100 1 C10 1 c7 1 C15 1 c2
33 1 c7 1 C16 1 Cc2
47 No Values 1 Cc7 1 C16 1 Cc2
20 to 30 )
68 Available 1 Cc7 1 C16 1 Cc2
100 1 Cc7 1 C16 1 c2
10 1 C12 1 C20 1 C10
15 1 Ci1 1 C20 1 Ci1
22 No Values 1 C11 1 C20 1 C10
30to 37 )
33 Available 1 C11 1 C20 1 C10
47 1 C11 1 C20 1 C10
68 1 C11 1 C20 1 C10

* Set to a higher value for a practical design solution. See Applications Hints section
No. represents the number of identical capacitor types to be connected in parallel

C Code indicates the Capacitor Reference number in Table 2 for identifying the specific component from the manufacturer.
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Physical Dimensions inches (millimeters) unless otherwise noted
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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14.2 Pulse Transformers Pulse Transformers
Range of preferred types SKPT 14 to SKPT 27

Absolute Maximum Ratings

Symbol Conditions Values

Viaw Crest working voltage 400 ... 650 V

Visol A.C. rms; 1 minute, see table below Y 25..5kv

Top Operating Temperature —-40..+85°C

Tstg Storage Temperature -50...+90°C

Characteristics 2

Types N p/Ns _[th Rp Rs Lp Lss Cps Im t | RL | Vaw | Visal mg
* New Type S HVs Q Q mH uH pF mA us Q \% kV | conf
SKPT 14b2,5 1:1:1 250 0,86 0,86 1,8 85 10 150 2 80 500 4 B
SKPT 14k2,5 1:1:1 250 0,86 0,86 1,8 85 10 150 2 80 500 4 C
SKPT 14c2,5 2:1 250 1,6 0,86 7,5 400 12 150 | 25| 80 500 4 D
SKPT 14a3 11 350 1,25 1,25 2,8 135 12 150 | 2,5 | 80 500 4 A
SKPT 14i3 11 350 1,25 1,25 2,8 135 12 150 | 25| 80 500 4 D
SKPT 1493 2:1:1 330 3,5 1,6 11 148 10 150 5 80 500 4 B
SKPT 14c3,5 2:1 350 3,5 2,4 13,5 82 9 150 | 25| 80 500 4 D
SKPT 14i5 11 500 2,7 2,7 55 75 10 150 | 25| 80 500 4 D
SKPT 14k6 1:1:1 600 2,8 2,8 9 290 10 150 | 25 | 80 | 500 4 C
SKPT 25j2 1:2:2 200 0,8 1,6 0,9/1,6 30/60 7 250 | 15 | 47 | 500 5 H
SKPT 25a3 11 300 0,55 0,55 2 45 8 250 | 15 | 47 500 4 A
SKPT 25b3 1:1:1 300 0,55 0,55 2 48 9 250 | 15 | 47 500 4 B
SKPT 25e3 3:1:1 300 1,7 0,55 15 300 10 250 | 15| 47 500 4 B
SKPT 25h3 1:1:1:1 300 0,55 0,55 2 48 9 250 | 15| 47 500 4 C
SKPT 25k3/650 1:1:1 300 | 055 | 0,55 2 38 9 250 | 15 | 47 | 650 4 F
SKPT 25m3 11 300 0,55 0,55 1,8 105 7 250 | 15| 47 | 1000 6 G
SKPT 25n3 31 300 1,7 0,55 15 870 7 250 | 15| 47 | 1000 6 G
SKPT 25p3/650 3:1:1 300 1,7 0,55 15 300 10 250 | 15| 47 650 4 F
SKPT 25a4 11 400 0,6 0,6 4 50 10 250 2 47 500 4 A
SKPT 25b4 1:1:1 400 0,6 0,6 4 52 10 250 2 47 500 4 B
SKPT 25¢g4 2:1:1 400 2,3 11 9/15 260/490 7 250 | 1,5 | 47 | 500 5 H
SKPT 25a5 11 500 1 1 55 85 11 ;gg 1:’31 14070 500 4 A

continued on next page

D Material used is according to UL94-VO0. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2
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14.2 Pulse Transformers (continued)

Win-

Types N p/Ns Ith Rp Rs Lp Lss Chps Iv t | Re | Vaw | Visol | gin

g

* New Type S uvs Q Q mH uH pF mA us Q \Y, kV | conf

100 | 1,1 | 100

SKPT 25b5 1:1:1 500 1 1 55 89 12 250 3 a7 500 4 B
SKPT 25m5 11 500 1 1 55 170 7 250 | 1,5 | 47 | 1000 6
SKPT 2505 2:1 500 21 1 32 830 7,5 250 | 1,5 | 47 | 1000 5

. 25 1 | 470
SKPT 25b8 1:1:1 800 1,6 1,6 14 220 14 250 6 47 500 4 B

" 25 | 1 | 470
SKPT 25b10 1:1:1 | 1000 | 1,8 1,8 18 260 13 | geo | 6 | a7 | 500 | 4 B

SKPT 26a3 11 300 0,55 0,55 2 45 8 250 | 1,5 | 47 500 4 A
SKPT 26b3 111 300 0,55 0,55 2 48 8 250 | 1,5 | 47 500 4
SKPT 26e3 3:1:1 300 1,7 0,55 15 300 10 250 | 1,5 | 47 500 4 B

. 25 | 1 | 470
SKPT 26b10 1:1:1 | 1000 | 1,8 1,8 18 260 15 | oeo | 6 | a7 | 500 | 4 B

SKPT 21a3 11 270 0,6 0,6 3,5 3,5 55 800 | 0,8 | 15 650 4 A
SKPT 21b3 1:1:1 270 0,6 0,6 3,5 3,5 55 800 | 0,8 | 15 440 2,5 B
SKPT 21b3/650 1:1:1 270 0,6 | 0,5/0,7 3,5 2,7/13,2 30 800 | 0,8 | 15 650 4 B
SKPT 21c3 2:1 275 1,0 0,6 6,5 10 50 800 | 0,8 | 15 650 4 A
SKPT 21d3 31 270 15 0,6 30 20 65 800 | 0,8 | 15 650 4 A
SKPT 21e3 3:11 270 15 0,6 30 20 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b4 1:1:1 370 0,7 0,7 6 3,5 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b4/650 1:1:1 370 0,7 | 0,6/0,8 6 4,37 65 800 | 0,8 | 15 650 4 B
SKPT 21a5 11 450 1,0 1,0 10 10 65 800 | 0,8 | 15 650 4 A
SKPT 21b5 1:1:1 450 1,0 1,0 10 4,5 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b5/650 1:1:1 450 1,0 1,0 10 10 65 800 | 0,8 | 15 650 4 B
SKPT 22e3/650 311 280 1,2 0,5 35 10 40 800 | 0,8 | 47 650 4 B
SKPT 27a3 11 300 0,3 0,3 2 3 76 | 1200 | 1 10 650 4 A
SKPT 27b3 1:1:1 300 0,3 0,3 2 3 95 | 1200 | 1 10 500 3 B
SKPT 27b3/650 1:1:1 300 0,3 | 0,2/0,4 2 3 65 | 1200 1 10 650 4 B
SKPT 27d3,5 3:1 350 0,6 0,3 20 22 100 | 2500 1 4,7 | 650 4 A
SKPT 27e3,5 311 350 0,6 0,3 20 25 110 | 2500 1 4,7 | 650 4 B
SKPT 27b4/1300 1:1:1 450 0,1 0,1 0,55 7,5 8,5 | 2000 | 0,5 | 10 | 1300 6 B
SKPT 27a5 11 500 0,4 0,4 5 5 105 | 2000 | 1 10 650 4 A

continued on next page

1 Material used is according to UL94-VO0. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2
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14.2 Pulse Transformers (continued)

Types NpNs | [Vt | Ry Rs Lp les | Cos | W | t | RL| Viw | Viso \é\llr':;
* New Type S KHVs Q Q mH KH pF mA Ms Q \% kV | conf
SKPT 27b5 1:1:1 500 0,4 0,4 5 5 117 | 2000 1 10 500 3 B
SKPT 27b5/650 1:1:1 500 0,4 | 0,3/0,5 5 5 100 | 2000 | 1 10 | 650 4 B
SKPT 27a10 11 1000 0,3 0,3 2,5 5 83 2000 1 10 650 4 A
SKPT 27b10 111 1000 | 0,3 0,3 2,5 5 97 | 2000 | 1 10 | 500 3 B
SKPT 27b10/650 | 1:1:1 1000 | 0,3 | 0,2/0,4 2,5 5 84 | 2000 | 1 10 | 650 4 B
SKPT 27b10ES 1:1:1 1000 0,3 0,3 2,5 5 97 2000 1 10 650 4 C
SKPT 27c10 2:1 1000 0,5 0,3 10 15 110 | 2000 1 10 650 4 A
SKPT HVb3 111 300 0,3 0,3 3 75 8,5 | 1000 | 1 50 | 3200 | 12 A
SKPT 25a3/s 11 300 0,55 0,55 2 12 20 250 | 0,8 | 47 440 3 A
SKPT 25b3/s 1:1:1 300 0,55 0,55 2 12 20 250 | 0,8 | 47 440 3 B
SKPT 25e3/s 311 300 1,8 0,8 15 80 28 250 | 0,8 | 47 | 440 3 B
SKPT 25h3/s 1:1:1:1 | 300 | 055 | 0,55 2 12 20 250 | 0,8 | 47 | 440 3 C
SKPT 25a4/s 1:1 400 0,8 0,9 4 17 28 250 | 0,8 | 47 440 3 A
SKPT 909 11 400 0,8 0,9 4 17 28 600 1 5 900 3 E
SKPT 25b4/s 1:1:1 400 0,8 0,9 4 17 28 250 | 0,8 | 47 500 3 B
SKPT 25b4/hs 1:1:1 400 0,8 0,9 1,8 15 28 250 | 0,8 | 400 | 700 4 D
SKPT 25a5/s 11 500 1 11 5,5 22 28 ;gg Oig 14070 500 3 A
SKPT 25b5/s 1:1:1 500 11 1,2 5,5 25 30 ;(5)8 Ois ];1070 500 3 B
SKPT 25b6/N 1:1:1 650 1,13 12 4,6 20 37 250 1 47 600 4 B
SKPT 25b8/s 1:1:1 800 1,8 21 14 40 35 22550 22 3770 500 3 B
SKPT 25b10/s 1:1:1 1000 2,2 2,4 18 50 40 22550 22 41;1770 500 3 B
SKPT 25b20/s 1:1:1 2000 6 6 55 100 45 250 3 47 500 3 B

1) Material used is according to UL94-VO. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2
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Winding Configurations and Dimensions in mm

2,5 mm grid
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Current Transformer

T1 300/0,3
300A/0,3A
Absolute Maximum Ratings
Symbol Term Values
I Max. primary current 300 A
I Max. secondary current 0,3A
Precision class sec. current 0,5 %
Ns Transformer current ratio 1000:1
Np
Pout Max. Power output (50/60 Hz) 2 VA
fop Operating frequency 50/ 60 Hz
R> Load resistance b >22,20Q
TI300/0,3
017 App. 190 !
BLUE l
- Tl ’ T, TR —

o 1 —\———
AN

YELLOW

. b ] 1. 17

Fig. 1 Outline Dimensions in mm
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El tiristor

1.1 ESTRUCTURAS Y CARACTERISTICAS GENERALES

1.1.1 DESCRIPCION DEL SEMICONDUCTOR Y ESTRUCTURA

El tiristor (SCR) es un dispositivo semiconductor biestable de cuatro capas, PNPN (Fig 1.1), con
tres terminales: anodo (A), catodo (K) y puerta (G), (Fig. 1.2). Puede conmutar de bloqueo a
conduccion, o viceversa, en un solo cuadrante.

? Anodo Anodo A
I

;‘ Ui (P-N) N ¢ '

—| Puerta U: (N2-Py) — Thn
P —O G
N Us (Pi-Ny)
3 Catodo Catodo K

Fig.1.- Estructura del tiristor. Fig.2.- Simbolo del tiristor.

La curva caracteristica del SCR es la representada en la figura 1.3, donde:

— Vprm = Valor maximo de voltaje repetitivo directo.

— Vgrm = Valor maximo de voltaje repetitivo inverso.

- Vr = Caida de tension de trabajo.

- It = Intensidad directa de trabajo.

Intensidad de mantenimiento en estado de conduccién.
Intensidad directa en estado de bloqueo.

Intensidad inversa en estado de bloqueo.

-y
— lprm
— Irrm

A .y
Zona de conduccidén

Ir}--
Zona de bloqueo : Zona de bloqueo
inverso LI directo
Vr Ia| i

/;7 Vi
VRSMVRRMVRWM VDWM VDR.VI VDS.VI

I

il

Fig.3.- Curva caracteristica del tiristor.
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El tiristor

1.1.2 MODOS DE FUNCIONAMIENTO

Vak < 0= Zona de blogueo inverso: SCR bloqueado (circuito abierto) (Fig. 1.3).
— Solo lo recorre una débil corriente de fuga inversa (lrrm)-
— Hay que intentar no sobrepasar la tension inversa maxima (Vggwm)-

Vak > 0; sin excitar puerta= Zona de bloqueo directo: SCR bloqueado (circ. abierto).
— Solo lo recorre una débil corriente de fuga directa (Iprm)-
— Hay que intentar no sobrepasar la tension directa maxima (Vpry) (Fig. 1.3).

Vak > 0; excitada en puerta, = Zona de conduccion: SCR conduce (cortocircuito).
— entre G y K circula un impulso positivo de corriente (Fig. 1.3).

— Duracién del impulso de cebado: lo suficiente para que I, = I, (de enganche).
— Mientras el SCR conduce, este se comporta como un diodo.

El SCR se bloquea cuando la corriente directa (l1) < corriente de mantenimiento (I4), en cuyo caso
la puerta pierde todo poder sobre el SCR.

Los modos de funcionamiento del SCR pueden ser:

— Todo o nada: para una sefal de entrada (Fig. 1.4.a), el SCR suprime algunos semiperiodos
suministrando a la carga paquetes de semiondas (Fig. 1.4.b).

— Angulo de fase: (Fig. 1.4 c) se mantienen todos los semiperiodos, se suprime parte de cada
uno de ellos (angulo de bloqueo) y el resto se transmite a la carga (dngulo de conduccién).

12 3 4 5 6 7 8 9 10

Se al de entrada ,WVWVVVV\
AWANINAA'A
3 5 6 7 8 9 10

1
Control todo o nada r\
1

2 4

Control por ngulo de fase

Fig..4.- Modos de funcionamiento del tiristor.

1.1.3 CARACTERISTICAS GENERALES

Interruptor casi ideal.

Soporta tensiones altas.

Amplificador eficaz.

Es capaz de controlar grandes potencias.

Facil controlabilidad.

Relativa rapidez.

Caracteristicas en funcion de situaciones pasadas (memoria).

http://www.redeya.com Pdg. 2



El tiristor

1.2 CARACTERISTICAS ESTATICAS

Corresponden a la regién anodo-catodo. Son aquellos valores que determinan las posibilidades
maximas de un determinado SCR. Estos datos son:

— Tensidn inversa de pico de trabajo ........cccccovviiiiiiiiiieiiiniiiiie, Vewm
— Tension directa de pico repetitiva ................. VbrM
— Tensiondirecta ... V+

— Corriente directamedia .........ccoeeiiiiiiiiiiiee e lTav
— Corriente directa efiCaz ..........ooiiiiiiieeeee e ltrvs
— Corriente directa de fugas .......cccceeriiiiiii IbrM
— Corriente inversa de fugas ......ccccccevieiiiiiiiiiee e IRrM
— Corriente de mantenimiento ...........ooeueeeiiiiiiiiiiieee e Iy

— Temperatura de [a union ... T

— Temperatura de almacenamiento....................c.c Tstg
— Resistencia térmica contenedor-disipador ...........cccccceeviiiiinnennn. Reg
— Resistencia térmica union-contenedor ............cccoeeeveeeiiiiiiieeieeenns Ric
— Resistencia térmica union-ambiente............cccoooviiiiiiiiniiee, Ri-a
— Impedancia térmica union-contenedor........................co Ric

1.3 CARACTERISTICAS DE CONTROL

Corresponden a la region puerta-catodo y determinan las propiedades del circuito de mando que
responde mejor a las condiciones de disparo. Los fabricantes definen las siguientes
caracteristicas:

— Tension direCta MAX. .......covvvuiieiieeeeeeeee e Varm
— Tension iNVersa Max. ........ccoooeeviiiiiiiiiii VGrMm
—  Corriente MAXIMA ......coooiiiiieeiee et ee e lam
— Potencia maxima .......ccoooouiiiiie e Pam
— Potenciamedia .........cooeeiiiiieee e Pcav
— Tension puerta-catodo para el encendido .........cccceevveeeeiiciiinnennn. Ver
— Tension residual maxima que no enciende ningun elemento ..... VenT
— Corriente de puerta para el encendido ...........ccccoveeeeeeiiiiiininnnen.. loT

— Corriente residual maxima que no enciende ningun elemento ... Ignt

http://www.redeya.com P4dg. 3



El tiristor

1.3.1 AREA DE DISPARO SEGURO

En este area (Fig. 1.5) se obtienen las condiciones de disparo del SCR. Las tensiones y
corrientes admisibles para el disparo se encuentran en el interior de la zona formada por las
curvas:

e Curva A y B: limite superior e inferior de la tension puerta-catodo en funcién de la corriente
positiva de puerta, para una corriente nula de anodo.

e Curva C: tension directa de pico admisible Vge.

e Curva D: hipérbola de la potencia media maxima Pgay que no debemos sobrepasar.

Ve (V)
v -
o Area de
ruptura
Povt ma= 5 W
A\
\D
[ Arcade \
| disparo seguro
Vo \
Area de ‘L; \>
posible disparo — e
~— | ED
0 Lo Lar (A)

Fig.5.- Curva caracteristicas de puerta del tiristor.
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El tiristor

1.4 CARACTERISTICAS DINAMICAS

1.4.1 CARACTERISTICAS DINAMICAS

e Tensiones transitorias:

— Valores de la tensién superpuestos a la sefial de la fuente de alimentacion.
— Son breves y de gran amplitud.
— La tension inversa de pico no repetitiva (Vrsy) debe estar dentro de esos valores.

o Impulsos de corriente:

— Para cada tiristor se publican curvas que dan la cantidad de ciclos durante los cuales puede
tolerarse una corriente de pico dada. (Fig. 1.6).

— A mayor valor del impuso de corriente, menor es la cantidad de ciclos.

— Eltiempo maximo de cada impulso esta limitado por la T® media de la union.

ITSM

Ir

I

ITA\/ _________

0

to

Fig.6.- Curva de limitacion de impulsos de corriente

e Angulos de conduccién: (Fig. 1.7)

— La corriente y tensién media de un SCR dependen del angulo de conduccion.
— A mayor angulo de conduccion, se obtiene a la salida mayor potencia.
— Un mayor angulo de bloqueo o disparo se corresponde con un menor angulo de conduccion:

[angulo de conduccién = 180°—angulo de disparo|

— Conociendo la variacién de la potencia disipada en funcidon de los diferentes angulos de
conduccién podremos calcular las protecciones necesarias.

http://www.redeya.com Pdg. 5



El tiristor

Potencia Potencia
suprimida ’ disponible
\'.
!
!
Angulo de Angulo de
bloqueo—— ~—conduccion

Fig.7.- Angulo de bloqueo y conduccién de un tiristor.

1.4.2 CARACTERISTICAS DE CONMUTACION

Los tiristores no son interruptores perfectos, necesitan un tiempo para pasar de corte a
conduccion y viceversa. Vamos a analizar este hecho.

1.4.2.1 TIEMPO DE ENCENDIDO (Toy)

Tiempo que tarda el tiristor en pasar de corte a conduccion (Fig. 1.8).

e Tiempo de retardo (ty): tiempo que transcurre desde que la corriente de puerta alcanza el 50 %
de su valor final hasta que la corriente de anodo alcanza el 10 % de su valor maximo.

e Tiempo de subida (t,): tiempo necesario para que la corriente de anodo pase del 10 % al 90 % de
su valor maximo, o, el paso de la caida de tension en el tiristor del 90 % al 10 % de su valor inicial.

Fig.8.- Tiempo de encendido T,,.

http://www.redeya.com Pdg. 6



El tiristor

1.4.2.2 TIEMPO DE APAGADO (Torf)

Tiempo que tarda el tiristor en pasar de conduccion a corte (Fig. 1.9).

e Tiempo de recuperacion inversa (t,): tiempo en el que las cargas acumuladas en la conduccién
del SCR, por polarizacién inversa de este, se eliminan parcialmente.

e Tiempo de recuperacion de puerta (t,): tiempo en el que, en un numero suficiente bajo, las
restantes cargas acumuladas se recombinan por difusion, permitiendo que la puerta recupere su
capacidad de gobierno.

toﬂ' = trr + tgr

dve/ dt—

..................................................

dl: / dt

\
.
v

Fig.9.- Tiempo de apagado T .
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El tiristor

1.4.3 MODOS DE EXTINCION DEL TIRISTOR

1.4.3.1 EXTINCION POR CONTACTO MECANICO

Extincién del SCR interrumpiendo el circuito mediante un cortocircuito (Fig.1.10 a-b) o
introduciendo una corriente inversa usando una fuente auxiliar (Fig.1.10 ¢) o un condensador

cargado (Fig.1.10 d-e).
O ot O (o
(d) (e)
Carga Carga R
P C
—.
?R R
Th Th F P
— C T
=o' To- o 0.

Fig.10.- Formas de extincion por contacto mecanico.

1.4.3.2 EXTINCION POR CONMUTACION FORZADA

Se fuerza a la corriente a pasar a través del tiristor en sentido inverso, consiguiendo un tiempo de
descebado menor.

e Conmutacién forzada por autoconmutacion: circuitos que desceban al SCR automaticamente
tras un tiempo predeterminado desde la aplicacion del impulso de disparo. Los mas usados son:

— Circuito oscilante LC en paralelo: C cargado = disparo del SCR = C se descarga sobre SCR
en sentido directo = por oscilacion del circuito LC, C se carga en sentido opuesto hasta que Ig
(de carga) < Igt = se produce el descebado (Fig. 1.11).

Ik k .
PANNSY

Ve
E=
T T VThT :
l; L t
H ) In V\
=C -t

Fig.11.- Extincién por circuito LC en paralelo.
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El tiristor

— Circuito oscilante LC en serie: La | que circula al disparar el SCR excita al circuito LC, pasado
el 1°" semiciclo de la oscilacion, la | se invierte y desceba el SCR (Fig. 1.12).

Fig.12.- Extincién por circuito LC en serie.

e Conmutacion forzada por medios exteriores: circuitos que desceban al SCR sin depender del
tiempo en que se produjo el disparo. Los mas usados son:

— Conmutacién por medio de C.A.: el SCR se desceba cada vez que cambia el sentido de la
tension al semiperiodo negativo (Fig. 1.13). La frecuencia no debe superar al tiempo de
conmutacion.

Ro
Q v,
NANA
>t

Fig.13.- Circuito de conmutacion por medio de C.A.

http://www.redeya.com P4dg. 9



El tiristor

— Conmutacién por tiristor auxiliar: si T, conduce y T, esta en corte = C se carga por T4; cuando
T, conmuta a conducciéon = T4 se bloquea = C se carga por R, en sentido inverso; pasado un
tiempo ty, que depende de C y debe ser > t,s del SCR = la tension en Ty (V14) tiende a hacerse
positiva (Fig. 1.14).

VTm=V—RL.I(t)=v.(1—ze“/RLC) t,20,7-R,-C

S
IRLt h
Rt 2R r_ =t
Vi
= L %L
Ty Ty I}\ — .
1

\ .

I
Fig.14.- Circuito de conmutacion por tiristor auxiliar.

IGTZ
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El tiristor

1.5 METODOS DE DISPARO

Para producir el disparo del SCR: Iax > I. . Para mantenerse en la zona de conduccién, por el
SCR debe circular I , por debajo de la cual el SCR se bloquearia.

1.5.1 METODOS DE DISPARO

1.5.1.1 DISPARO POR PUERTA

En la figura 1.15 tenemos un circuito de disparo por puerta.

El valor requerido de V1 necesario para disparar el SCR es: |VT =Ve+1g -R|

R viene dada por la pendiente de la recta tangente a la curva de méaxima disipacién de potencia
(Fig 1.16) para obtener la maxima seguridad en el disparo.

Una vez disparado el SCR perdemos el control en puerta.

Las condiciones de bloqueo se recobran cuando Vak < Vy y cuando Iak < Iy

Via (V)“
SCR
R
+
\%
R ™= I (A)
Fig.15.- Circuito de control Fig.16.- Recta tangente a la curva
por puerta de un SCR de max. disipacién de potencia

1.5.1.2 DISPARO POR MODULO DE TENSION

Es el debido al mecanismo de multiplicacion por avalancha.

http://www.redeya.com P4g. 11



El tiristor

1.5.1.3 DISPARO POR GRADIENTE DE TENSION

Una subida brusca del potencial de anodo en el sentido directo de conduccion provoca el disparo
(Fig. 1.17). Este caso mas que un método, se considera un inconveniente.

Va

Disparo por
dVa/dt

— Disparo por superacion
de Va méaxima

Disparo por s
t

Fig.17.- Zona de disparo por gradiente de tension.

1.5.1.4 DISPARO POR RADIACION

Esta asociado a la creacion de pares electrén-hueco por la absorcion de la luz del elemento
semiconductor. EI SCR activado por luz se llama LASCR.

1.5.1.5 DISPARO POR TEMPERATURA

Asociado al aumento de pares electron-hueco generados y recogidos por la unién N,-P; de la
estructura del SCR (Fig. 1.1).

La tensién de ruptura Vgr (si se alcanza durante 10 ms, el SCR puede destruirse) permanece cte.
hasta un cierto valor de la T® y después disminuye al aumentar esta.

1.5.2 CONDICIONES NECESARIAS PARA EL CONTROL DE UN SCR

 Disparo: — Anodo positivo respecto al catodo.
— La puerta debe recibir un pulso positivo con respecto al catodo.
— En el momento del disparo Iak > I

e Corte: — Anulamos la tension Vp
— Incrementamos R hasta que I < Iy

http://www.redeya.com Pdg. 12



El tiristor

1.6 LIMITACIONES DEL TRANSISTOR

1.6.17 LIMITACIONES DE LA FRECUENCIA DE FUNCIONAMIENTO

e La frecuencia de trabajo en los SCR no puede superar ciertos valores.
e Ellimite es atribuible a la duracién del proceso de apertura y cierre del dispositivo.
¢ La frecuencia rara vez supera los 10 Khz.

1.6.2 LIMITACIONES DE LA PENDIENTE DE TENSION dv/dt

dv/dt es el valor minimo de la pendiente de tensidén por debajo del cual no se producen picos
transitorios de tension de corta duracion, gran amplitud y elevada velocidad de crecimiento.

A) CAUSAS

e La alimentacién principal produce transitorios dificiles de prever en aparicion, duracion
(inversamente proporcional a su amplitud) y amplitud.

e Los contactores entre la alimentacion de tension y el equipo: cuya apertura y cierre pueden
producir transitorios de elevada relacién dv/dt (hasta 1.000 V/us) produciendo el basculamiento del
dispositivo.

e La conmutacion de otros tiristores cercanos que introducen en la red picos de tension.

B) EFECTOS

e Puede provocar el cebado del tiristor, perdiendo el control del dispositivo.
e La dv/dt admisible varia con la temperatura.

1.6.3 LIMITACIONES DE LA PENDIENTE DE INTENSIDAD di/dt

di/dt es el valor minimo de la pendiente de la intensidad por debajo de la cual no se producen
puntos calientes.

A) CAUSAS

e Durante el cebado, la zona de conduccion se reduce a una parte del catodo cerca de la puerta, si
el circuito exterior impone un crecimiento rapido de la intensidad, en esta zona la densidad de
corriente puede alcanzar un gran valor.

e Como el cristal no es homogéneo, existen zonas donde la densidad de Intensidad es mayor
(puntos calientes).
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B) EFECTOS

e En la conmutacién de bloqueo a conduccion la potencia instantanea puede alcanzar valores muy
altos.

e La energia disipada producird un calentamiento que, de alcanzar el limite térmico critico, podria
destruir el dispositivo.

1.6.4 PROTECCIONES CONTRA dv/dtY di/dt

e Solucion: colocar una red RC en paralelo con el SCR y una L en serie (Fig. 1.18).
e Calculo: método de la constante de tiempo y método de la resonancia.

Rs C
G}-| L
T |y
V? R

Fig.18.- Circuito de proteccién contra dv/dt y di/dt

1.6.4.1 METODO DE LA CONSTANTE DE TIEMPO
e CélculodeRYy C:

1.-  Hallamos el valor minimo de la cte. de tiempo 1 de la dv/dt:
donde Vpsy =V de pico no repetitiva de bloqueo directo.

Calculamos el valor de Ry C: 0,63- Vpom
T=—""
(dv /dt)

min

. T v
I = corriente en la carga |C=— R = A(max)

R. = resistencia de carga. Ry ’ (ITSM - IL)T
lrsm = corriente directa de pico no repetitiva.
V = tension de anodo.

I' = coeficiente de seguridad (de 0,4 a 0,1).
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El tiristor

2.- Hallamos el valor de R, que asegura la no superacion de la di/dt maxima especificada (a
partir de la ecuacion de descarga de C):

\[ VA(max)

™t (di/dt) - C
e Calculo de L:
L= VA(max)
(di/ dt)
1.6.4.2 METODO DE LA RESONANCIA
e Elegimos R, L y C para entrar en resonancia
. dv/dt
e Elvalor de la frecuenciaes: f=——
2 - VA(max)
1 C 1
e en resonancia: f=—F7— = =
2 -+/LC (2mf)* - L

e Elvalor de L es el que mas nos interese, normalmente:  |L. =50 uH

e Elvalorde Rsera: |[Ry=—

1.6.5 LIMITACIONES DE LA TEMPERATURA

Hallamos la potencia que disipa el dispositivo sin radiador:  |P(4v) =

e Hallamos el valor de la intensidad media de conduccion (lray)) para el factor de forma a de un
angulo de conduccién dado:

1 ( P,

_ 'T(RMS) |
T(AV) a L T(RMS) = Ve(RMS)J

IT(AV) =

ITRMS
a=—TRMS)

e Observando las curvas de disipacion de potencia (Fig. 1.19) obtenemos la potencia disipada sin
radiador, si esta es menor que la tedrica, el dispositivo necesita radiador.

http://www.redeya.com Pdg. 15



El tiristor

De dichas las curvas obtenemos el valor de la R, ( contenedor-ambiente) que, para una Ry
(contenedor-disipador) dada obtenemos el valor de la resistencia térmica del disipador:

R d= R ca R cd
T
PT @) Con]d. Form. !\l o interrelacion between the power Tmb (OC)
ﬁ& 17 o (derived from the left hand graph)
o=30 a=4 “Jo O ] and the max. allowable tempera-
60 28 \° || tures.
40 90 22 NN 61
120 19 de V. N
1.6 %
180 y, 7
/ 4
1.6 . 56| N
7 NCCNTTTN
L y, \C N
55 / AN \
- Y, V/ / J !’ NN ‘\\ \
N AN
20 2.8 4 2N NN 93
)i G AN NANY
| | | a=4 NN ‘\
| | A o NN
| V.d S I~
[ A - | ]
Ty
.
| [ 11 125
0 10 I A 20 50 100
rav) (A) T amb. (C)

Fig.19.- Relacién entre la potencia y la temperatura para una intensidad dada.
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VRsM | VRRM dv ITrRms (Maximum values for continuous operation)
Vorm | \dt/er 30 A | 40 A | 50 A
ITav (sin. 180; Tcase = . . . °C)
Y V | Vius | 19 A(95°C) 25A(74°C) | 32A(72°C)
500 400 500 - SKT 16/04 D SKT 24/04 D
700 600 500 SKT 10/06 D SKT 16/06 D* -
900 800 500 SKT 10/08 D SKT 16/08 D SKT 24/08 D
1100 | 1000 500 SKT 10/10 D - -
1300 | 1200 500 SKT 10/12 D - -
1000 SKT 10/12 E SKT 16/12 E* SKT 24/12 E*
1500 | 1400 | 1000 - SKT 16/14 E SKT 24/14 E
1700 | 1600 | 1000 - SKT 16/16 E SKT 24/16 E*
Symbol | Conditions $KT 10 ISKT 16 BKT 24 Units
Itav  |sin. 180; (Tcase = . . .) 10 16 24 A
(106) (103) (94) | °c
ITsm Tyj= 25°C;10ms 250 370 450 A
Tvj=130°C; 10 ms 210 330 380 A
%t Ty= 25°C;8,35..10ms | 310 680 1000 | A%
Tyj=130°C; 8,35... 10 ms 220 550 720 AZs
tgd ij =25°C; lc=1A;
dic/dt = 1 Alus typ. 1 us
tgr Vb = 0,67 - VbrM typ. 2 us
(di/dt)er |f = 50...60Hz 50 Alus
IH Tvj= 25°C typ. 80; max. 150 mA
IL Tvj= 25°C typ. 150; max. 300 mA
tq Tyj = 130 °C; typ. 80 us
\%3 Tvj= 25°C; (It =...); max. 1,6 2,4 1,9 \Y
(30) (75) (75) A
Vo) |Tvj=130°C 1,0 1,0 1,0 Y%
rm Tvj=130°C 18 20 10 mQ
lo, Iro [Ty = 130 °C; PO Z VPR | 4 8 8 | mA
Vo1 Tyj= 25°C 3 \Y
leT Tvyj= 25°C 100 mA
Vebp Tyj=130°C 0,25 \%
leD Tvj=130°C 3 mA
Rihjc cont. 1,2 0,8 °C/W
sin. 180/rec. 120 1,3/1,35 0,9/0,95 °C/W
Rthch 1,0 0,5 °C/W
Tvj — 40 ... +130 °C
Tstg — 55 ...+150 °C
M Sl units 2,0 2,5 Nm
US units 18 22 Ib. in.
a 5-9,81 5.9,81 m/s?
w 7 12 g
Case B1 B2

* Available with UNF thread 1/4-28 UNF2A, e.g. SKT 16/06 D UNF

Thyristors

SKT 10
SKT 16
SKT 24

Features

« Hermetic metal cases with
glass insulators

¢ Threaded studs ISO M5 and M6
or
UNF 1/4-28

« International standard cases

Typical Applications
« DC motor control
(e. g. for machine tools)
« Controlled rectifiers
(e. g. for battery charging)
« AC controllers
(e. g. for temperature control)

© by SEMIKRON
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SKT 10
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|IEC-Publ. 191-2: A13M

DIN 41891:200B 3
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JEDEC: TO-208 AB (TO - 64) metric
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C: Cathode terminal
A: Anode terminal
G: Gate terminal

Dimensions in mm
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] A DUCTOR. BZX55C SERIES

500mW Hermetically Sealed
ROHS
COMPLIANCE Glass Zener Voltage Regulators
DO-35
o
—
083{2.1)
1.142(29.0) {25103
Features 1102(28.0) Il

Zener Voltage range 2.0 to 75 volts
DO-35 package (JEDEC) i i
Through-hole device type mounting i -1;3({3;}1

Hermetically sealed glass ]
Compression bonded construction
All external surfaces are corrosion

resistant and leads are readily solderable V]
RoOHS compliant 1.142(29.0)

Solder hot dip Tin(Sn) lead finish 1-102(28.0) 0220551
Cathode indicated by polarity band | :

R R

[

Dimensions in inches and (millimeters)

Maximum Ratings and Electrical Characteristics

Rating at 25°C ambient temperature unless otherwise specified.

Maximum Ratings

Type Number Symbol Value Units
Power Dissipation Pd 500 mwW
Maximum Forward Voltage @ IF = 100mA Ve 1.0 \
Storage Temperature Range Tste -65 to + 200 °C
Operating Junction Temperature T; + 200 °C

These ratings are limiting values above which the serviceability of the diode may be impaired.

Version: A07




ELECTRICAL CHARACTERISTICS (TA=25°C unless otherwise noted)

Device Vzat lzr Z71@ gy Zx@lz | lR@VR

Type (Volts) Iz7 Ohms Iz Ohms uA Vg
Min Max mA Max mA Max Max \Y

BZX55C2V0 1.88 2.11 5.0 100 1.0 600 100 1.0
BZX55C2V2 2.08 2.33 5.0 100 1.0 600 100 1.0
BZX55C2V4 2.28 2.56 5.0 85 1.0 600 50 1.0
BZX55C2Vv7 251 2.89 5.0 85 1.0 600 10 1.0
BZX55C3V0 2.8 3.2 5.0 85 1.0 600 4.0 1.0
BZX55C3V3 3.1 3.5 5.0 85 1.0 600 2.0 1.0
BZX55C3V6 34 3.8 5.0 85 1.0 600 2.0 1.0
BZX55C3V9 3.7 4.1 5.0 85 1.0 600 2.0 1.0
BZX55C4V3 4.0 4.6 5.0 75 1.0 600 1.0 1.0
BZX55C4V7 4.4 5.0 5.0 60 1.0 600 0.5 1.0
BZX55C5V1 4.8 5.4 5.0 35 1.0 550 0.1 1.0
BXZ55C5V6 5.2 6.0 5.0 25 1.0 450 0.1 1.0
BZX55C6V2 5.8 6.6 5.0 10 1.0 200 0.1 2.0
BZX55C6V8 6.4 7.2 5.0 8 1.0 150 0.1 3.0
BZX55C7V5 7.0 7.9 5.0 7 1.0 50 0.1 5.0
BZX55C8V2 7.7 8.7 5.0 7 1.0 50 0.1 6.2
BZX55C9V1 8.5 9.6 5.0 10 1.0 50 0.1 6.8
BZX55C10 9.4 10.6 5.0 15 1.0 70 0.1 7.5
BZX55C11 10.4 11.6 5.0 20 1.0 70 0.1 8.2
BZX55C12 11.4 12.7 5.0 20 1.0 90 0.1 9.1
BZX55C13 12.4 141 5.0 26 1.0 110 0.1 10
BZX55C15 13.8 15.6 5.0 30 1.0 110 0.1 11
BZX55C16 15.3 171 5.0 40 1.0 170 0.1 12
BZX55C18 16.8 19.1 5.0 50 1.0 170 0.1 14
BZX55C20 18.8 21.2 5.0 55 1.0 220 0.1 15
BZX55C22 20.8 23.3 5.0 55 1.0 220 0.1 17
BZX55C24 22.8 25.6 5.0 80 1.0 220 0.1 18
BZX55C27 25.1 28.9 5.0 80 1.0 220 0.1 20
BZX55C30 28 32 5.0 80 1.0 220 0.1 22
BZX55C33 31 35 5.0 80 1.0 220 0.1 24
BZX55C36 34 38 5.0 80 1.0 220 0.1 27
BZX55C39 37 41 2.5 90 0.5 500 0.1 28
BZX55C43 40 46 25 90 0.5 600 0.1 32
BZX55C47 44 50 25 110 0.5 700 0.1 35
BZX55C51 48 54 25 125 0.5 700 0.1 38
BZX55C56 52 60 2.5 135 0.5 1000 0.1 42
BZX55C62 58 66 25 150 0.5 1000 0.1 47
BZX55C68 64 72 25 160 0.5 1000 0.1 51
BZX55C75 70 80 2.5 170 0.5 1000 0.1 56

Notes: 1. Tolerance and voltage designation: the type numbers listed have zener voltage as shown.

2.

3.

4.

Specials available include: nominal zener voltages between the voltages shown and
tighter voltage, for detailed information on price, availability and delivery.
Zener voltage (Vz) measurement: the zener voltage is measured under pulse conditions
such that T; is more than 2°C above Tp.
Zener impedance (Z,) derivation: zener impedance is derived from the 60-cycle ac

voltage, which results when an ac current having an RMS value equal to 10% of

the dc zener current (Iz7) is superimposed to I1ZT.
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